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PREFACE. 



Thb constant progress made in ereiy department of 
physical science, is a sufficient apology for the prepara- 
tion and publication of a new elementary text-book on 
Natural Philosophy. 

The principles of physical science are so intimately 
connected with the arts and occupations of every-day 
life, with our very existence and continuance as sentient 
beiugs, that public opinion, at the present time, impera- 
tively demands that the course of instruction on this 
subject should be as full, thorough, and complete, as 
opportunity and time will permit. With this view, the 
author has endeavored to render the work, in all its 
arrangements and details, eminently practical, and, at 
the same time, interesting to the student. The illustra- 
tions and examples have been multiplied to a greater 
extent than is usual in works of like character, and have 
been derived, in most cases, from familiar and common 
objects. 

Great care has been also taken to render the work com« 
plete and accurate, and in full accordance with the latest 
results of scientific discovery and research. 

In the arrangement of the subjects treated of, and in 
the incorporation of questions with the text, the most ap- 
proved methods, it is believed, have been followed. The 
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teacher will also observe that the principles and import- 
ant propositions are presented in large and prominent 
type, and the observations and illustrations in smaller 
letters. The advantage of this to the learner is most 
evident. 

Heat, which is often considered as belonging more 
especially to chemistry, has been discussed at length, and 
the familiar application of its principles in the industrial 
arts, in warming and ventilation, in the production of 
dew, etc., carefully explained. A full and complete 
outline of the subject of Meteorology has also been 
given. On the other hand. Astronomy, which is often 
included in text-books on Natural Philosophy, has been 
omitted, as rightfully and properly forming the subject 
of a separate treatise.. 

An elementary work on physical science can have little 
claim to originality, except in the arrangement and classi- 
fication of subjects, and the selection of illustrations. In 
this respect the author makes no pretensions, and ac- 
knowledges his indebtedness to the very superior French 
treatises of Ganot, Delaunay, Archambault, and to the 
writings of Miiller, Amott, Lardner, Brewster, and others. 

The engravings in the present volume are of a superior 
character, and have been prepared, in part; from new and 
original designs. 

Kxw Yobe:, Aug^ 1857. 
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NATURAL PHILOSOPHY. 



INTRODUCTION. 

What is Nat. 1- Natubal Philosopht, OF Phtsics, Ib that 
or^^phnow- department of science which treats of all those 
phenomena observed in masses of matter, in 
which there is a sensible change of place. 

2. Chemistry, on the contrary, treats of aU 
SSJiisSyf those phenomena observed to take place in 

minute particles, or portions of matter, in which 
there is a change in the character and composition of the 
matter itself, and not merely a change of place. 

3. A filing body, the motion of our limbs 
IJ5»*M*^t£ ^^ ^^ machinery, the flow of liquids, the occur- 
ftatSS® rS- r^^ce of sound, the changes occasioned by the 
loiopbyf action of heat, light, and electricity, are all ex- 
amples of phenomena which come under the 

consideration of Natural Philosophy. 

Strictly speaking, we have no right, in Natural PbOosophy, to conceive or 
imagine any thing, for the truths of all its laws and principles may be proved 
by direct observation, — ^that is, by the use of our senses. When we conceive, 
reason, or imagine concerning 'the properties of matter, we have in reality 
passed beyond the limits of Natural Philosophy, and entered upon the applica- 
tion of the laws of mind or of mathematics to the principles of Natural Philos- 
ophy. Practically, however, no such division of the subject is ever made. 

The truths and operations of Chemistry, in contradistinction to the truths 
and operations of Natural PhUosophy, can not all be proved and made evident 
by direct observation. Thus, when we unite two pieces of machinery, as two 
wheels, or when we lift a weight with our hstnds, or move a heavy body by a 
lever, we are enaUed to see exactly how the different substances come in 

1* 



10 INTBODUCTION. 

contact, how they press apon one another, and how the power is transmitted 
from one point to another : these are experiments in Natural Philosophy, in 
which eyeiy part of the operation is clear to our senses. But when we mix 
alcohol and water together, or bum a piece of coal in a fire, we see merely 
the result of these processes, and our senses give us no direct information of 
the manner in which one particle of alcohol acts upon another particle of 
water, or how the oxygen of the air acts upon the ooaL These are experi- 
ments in Chemistry, in which we can not perceive every part of the operation 
by means of our senses, but only the results. Had there been but one kind 
of substance or matter in the universe, the laws of Natural PhQosophy would 
have explained all the phenomena or changes which could possibly take 
place ; and as the character, or composition of this one substance, oould not be 
changed by the action of any diffbrent substance upon it, there could be no 
such department of knowledge as Chemistry. 

4. The term Physics is often used instead 
b?*^he"toS ^f tt® term Natural Philosophy, both having 
phyaics? ^^q Same general meaning and signification. 

It is also customary to speak of " Physical 
Laws/' " Physical Phenomena/' and '' Physical Theories/' 
instead of saying the laws, phenomena, and theories of 
Natural Philosophy. 

5. A Physical Law is the constant relation 
phvsieu Lain which cxists between any phenomenon and its 
" ~ cause. A Physical Theoby is an exposition 
of all the laws which relate to a particular class of 
phenomena. 

Thus, when we speak of the "theory" of heat, or of electricity, we have 
reference to a general consideration of the whole subject of heat, or light, or 
electricity; but when we use the expression a ")aw*^ of heat, of light, or of 
electricity, we have leferance to a particular department of the whole subject 



CHAPTER I. 

KATTEB, AND ITS GENERAL PROPEBTEBS. 

1. Matter is the general name which hai 
^^**toJ"f ^**" teen given to that substance which, under an 
infinite Tariety of forms/ affects our senses. 
We apply the term matter to every thing that occupies 
space, or that has length, breadth, and thickness. 
Hoir do m ^* ^* ^ ^^7 through the agency of our five 
S2jSiIi7 senses (hearing, seeing, smelling, tasting, and 
feeling), that we are enabled to know that any 
matter exists. A person deprived of aU sensation, could 
not be conscious that he had any material existence. 
y^^^ 2, ^ 3. A BODY is any distinct portion of matter 

^»*3r' existing in space. 
wh*t Ar« fha ^' T^^ properties, or the qualities of matter, 
£?S?** *' *"^ *^^ powers belonging to it, which are capa- 
ble of exciting in our mind certain sensations. 

It Is <mly through the different sensations which different subetanees ex- 
dte in our minds, or, in other words, it is by means of their different 
properties, that we are enabled to distinguish one fonn or variety of matter 
from another. 

The forms and combinations of matter seen in the anima], yegetable, and 
mineral kingdoms of nature, are numberless, yet they are all composed of 
a very few simple substances or elements. 

whatisAiim. ^* -^y ^ simple substance we mean one 
piemibrtaiioef ^hich has ucvcr been derived from, or sepa- 
rated into any other kind of matter. 

• Gold, sQyer, iron, oxygen, and hydrogen, are examples of simple sub* 
stances or elements, because we are unable to decompose them, convert 
them into, or create them from, other bodies. 

What is tta« ^* ^^^ number of the elements or simple 
numte|M»f the substanccs with which we are at present ac- 
quainted, is sixty-1{^. 
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7. These substances are not all equally 
^^^^^^ distributed orer the surface of the earth : 

most of them are exceedingly rare, and only 
known to chemists. Some ten or twelve only make up 
the great bulk or mass of all the objects we see around 
us. 

All the diflTerent forms and yarieties of matter are in Bome respects alike 
—that is, thej all possess certain general properties. Some of these prop- 
erties are essential to the very existence of a body; others are non- 
essential, or a body may exist without them. Thus it is essential to the 
existence of a body that it should occupy a certain amount of space, and 
that no other body should occupy the same space at the same time ; but it is 
not neoessaiy for its existence that it should possess color, hardness, elas- 
ticity, malleability, and the like non-essential properties. 

8. The following are the most important of 
SitSSJort* the general properties of matter — Magnitude 
!f*nSSS?V*** or Extension, Impenetrability, Divisibil- 
ity, Porosity, Inertia, Attraction, and In-- 

destructibility. 

9. By Magnitude we mean the property 
^'^tidef*^ of occupying space.. We can not conceive that 

a portion of matter should exist so minute as 
to have no magnitude, or, in other words, to occupy no 
space. 

The SUBFACBS of a body are the external limits of its magnitude; the 
SIZE of a body is the quantity of space it oocuiHes ; the abea of a body 
is its quantity, or extent of sur&ce. 

The FIGURE of a body is its form or shape, as expressed by its bound- 
aries or terminating extremities. The yolumb of a body is the quantity of 
space included within its external surfaces. The figure and yolume of a 
body are entirely independent of each other. Bodies having very different 
figures may have the same yolume, or bodies of the same figure may have 
Yeiy different volumes. Thus a globe may have ten times the volume 
of another globe and yet have the same figure, or a globe and a cylinder 
may have the same volume, that is, may contain the same amount of nwtter 
within ibfik surfiices, but possess very different figures. 

10. By Impenetrability we mean that 
JSlTteJbiu^J property or quality of matter, which renders it 

impossible for two separate bodies to occupy 
the same space at the same time. 
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There are many instanoes <^ apparent penetration of matter, bat in aQ of 
them the particles of the body which aeem to be penetrated are merelj 
displaced. When a nail is driven into a piece of wood, the particles of 
wood are not penetrated, but merely displaced. If & needle be plunged into 
a vessel of water, all the water which previously filled the space into whidi 
It entered, will be displaced, and the level of the water in the vessel wiU rise 
to the same height as it would have done, had we added a quantity of water 
equal in volume to the bulk of the needle. When we walk through the at- 
mosphere, we do not penetrate into any of the particles of which the air is 
composed, but we merely push them aside, or diqdaoe them. If we plunge 
an inverted tumbler into a vessel of water, the air contained in it will pre- 
vent the water from rismg in the glasa— and notwithstanding the amount of 
pressure we may exert upon the tumbler, it cannot be filled with water until 
the air is removed from it 

11. By Divisibility we mean that property 
^^wiity?'" which matter possesses of being divided, or 

separated into parts. 

It has unto quite recently been taught that matter was mfinitely divisible; 
that is, a body could be separated into smaller and still smaller particles 
without limit So far as our senses inform us, this is true. So long as we 
can perceive the existence of a portion of matter by our sense of sight, of 
feeling, of taste, or of smell, so long we can continue to divide it Beyond 
this our senses give us no information. But the recent discoveries and inves- 
tigations in chemistry, have proved beyond a doubt, that all bodies are ulti- 
mately composed of exceedingly minute particles, which can not be subdi- 
vided. 

12. To such an ultimate portion of matter 
^'^Itomf ** *^ ^^ ^^ longer separable into parts, we apply 

the term Atom. 

The extent to which matter can be divided and yet perceived 
vhich^^tter ^^ *^® senses is most wonderAiL 

eaa be diyid- A grain of musk has been kept fireely exposed to the air of 
•*• a room, of which the door and windows were constantly kept 

open, for a period of two years, during all which time the air, 
though constantly changed, was densely impregnated with the odor of musk, 
and yet at the end of that time the particle was found not to have greatly 
diminished in weight During all this period, every particle of the atmos- 
phere which produced the sense of odor must have contamed a certain quan- 
tity of musk. 

In the manufecture of silver-^lt wire, used for embroidery, the amount of 
gold empk>yed to cover a foot of wire does not exceed the T20, 000th part of 
an ounce. The manufacturers know this to be a fact, and regulate the price 
of their wire accordingly. But if the gold which covers one foot is the 
720,000th part of an ounce, the gold on an inch of the same wire will be only 

\ 
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the 8,640,000th part of an ounce. We may divide this inch into one hnndred 
pieces, and yet see each piece distinctly without the aid of a microscope : in 
other words, we see the 864,000,000th part of an ounce. If we now use a 
microscope, ma^ifying fire hundred times, we may clearly distinguish the 
432,000,000,000th part of an ounce of gold, each of which parts will be found 
to have aU the characters and qualities which are found in the largest masses 
of gold. 

Some years since, a distinguished EngHsh chemist made a series of ezperi- 
.ments to determine how small a quantity of matter could be rendered yiable 
to the eye, and by selecting a peculiar chemical compound, small portions of 
which were easily discernible, he came to the conclusion that he could dis- 
tinctly see the billionth part of a grain. 

In order to form some conception of the extent of this subdivision of mat- 
ter, let us consider what a billion is. We may say a billion is a million of 
millions, and represent it thus, 1,000,000,000,000 ; but the mind is incapable 
of oonceiving any such number. If a person were to count at the rate of 200 
in a minute, and work without intermission twelve hours in a day, he would 
take, to count a bilUon, 6,944,944 days, or more than 19,000 years. But this 
may be nothing to the division of matter. There are living creatures so mi- 
nute, that a hundred millions of them may be comprehended in the space of 
a cubic inch. But these creatures, until they are lost to the sense of sight, 
aided by the most powerful instruments, are seen to possess arrangements 
fitted for collecting their food, and even capturing their prey. They are there- 
fore supplied with organs, and these organs must consist of parts correspond- 
ing to those in larger animals, which in turn must consist of atoms, or little 
particles, if we please so to term them. In reckoning the size of such atoms, 
we must not speak of billions, but of billions of billion& Such a number can 
be represented thus, 1,000,000,000,000,000,000,000,000, but the mind can 
form no rational conception of it* 

13. We use the term Moub c uu b d , or Par- 

MteJ^rFirtt TICLES of matter to designate very small quan- 
des of Matter? ^j^i^g q{ g, substanco, not meaning, however, the 
ultimate atoms. A Hrolftoide, or particle of matter may 
be supposed to be formed of several atoms united to- 
gether. 

14. No two atoms of matter are supposed to 
whatarePorerf ^^^^^^ ^j. ]^ |^ actual coutact with each other, 

and the openings or spaces which exist between them are 
called Pores. This property of bodies, according to which 
their atoms are thus separated by vacant places^ 
^* tty?"'- we caU PoBOSiTY. 

* The Mllion to hw and a<wftrdtag to tha Bni^lah notation.— W<l> Wtbttm^ y, 

.:v./,..c ....'-'. ■-'. ■■■' ••• • -: ;-_^•^7 
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Tio. 1. If we Bnppose the atoms of matter to oonelst of 

minute spheres or globes^ it is obvious that it will be 
impossible ibr them to come into perfect contact at 
all points: so that there must be small spaces be- 
tween them, where the7 do not touch each other. 
Fig. 1 represents the manner in which we maj im* 
agine a collection of such atoms to be arranged to 
Ibrm a ciTstaL 

15. The reasons for believing that the 
atoms or particles of matter do not ac- 
tually touch each other^ are, that every 
form of matter, so far as we are ac- 
quainted with it, can by pressure be 
made to occupy a smaller space than it origin- 
ally filled. Therefore, as no two particles of 
matter can occupy the same space at the same 
time, the space, by which the size or volume of 
a body may be diminished by pressure, must, before such 
diminution took place, have been filled with openings, or 
pores. Again, all bodies expand or contract under the 
influence of heat and cold. Now, if the atoms were in ab- 
solute contact with each other, no such movements could 
take place. 

The porosity of bodies is sometimes illustrated and explained 
What Is gen- bj reference to a sponge, which allows the cavities which per- 
S^ie"tStt ▼ado it to be filled with water, or some other fluid. Such an 
Pwes 7 illustration is not strictly correct The cavities of a sponge are 

not really its pores, any more than jthe cells of a honey-comb 
are the pores of wax. In common speech, however, the term pore is often 
used to designate those openings which exist naturally in the substance of a 
body, wluch are sufficiently large to admit of the passage of fluids like water, 
and gases like air. 

Several very important properties of matter are dependent on porosity; or, 
hi other words, they owe their existence to the fact, that the particles of mat- 
ter do not actually touch each other. The principal of these are Densttt, 
CoKPRBSSiBiUTT, and Ezpansibilitt. These properties of matter belong to 
all bodies, but not to all alike. 

16. By Density we mean the proportion 
tfaDena- ^y^jjj exists hctwceu the quantity of matter 
contained in a body and its magnitude, or size. 
Thus, if of two substances, one contains twice as much 
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matter in a given space as the other^ it is said to be twice 
as dense. 

There is a direct oonnection between the density of a body and its porosity. 
A body will be more or leas dense, aocording as its particles are arranged 
closely together, or are separated fix>m each other ; and hence it is dear, that 
the greater the density the less the porosity, and the greater the porosity the 
less the density. 

1*7. If the particles of a body do not touch each other, then, if it is subjected 
to pressure, they may be forced nearer, and made to occupy less space. 

This we find to be the fact All matter may be compressed. The most 
solid stone, when loaded with a considerable weight, is found to be com- 
pressed. The foundations of buildings, and the columns which sustain great 
weights in architecture, are proo& of this. Metals, by pressure and hammer- 
ing, are made more compact and dense. Air, and all gases, are susceptible of 
great comproasion. Water, and all liquids, are much less easily compressed 
than either solid or gaseous bodi^ 

18. By CoMPRBSSiBiLiTT, therefore, we mean 
Yr^wS^" that property of matter in virtue of which a 

body allows its volume or size to be diminished, 
without diminishing the number of the atoms or particles 
of which it is composed. 

19. Again, if the particles of matter of which 
JSrii^tyf* * ^^y ^ composed do not touch each other, it is 

clear that they may be forced further apart. 
This we find to be the case with all matter. Expansibility 
is, therefore, that property of matter in virtue of which a 
body allows its volume or size to be increased, without in- 
creasing the number of the atoms or particles of which it 
is composed. 

All bodies, when submitted to the action.of heat, expand, and 
niastntioM occupy a larger space than before. To this increase in dimen- 
blUtj r^'*°'^' Bions there is no limit Water, when sufficiently heated, passes 
into steam, and the hotter the steam the greater the space it 
will occupy. All bodies, if subjected to a sufficient degree of heat, will paas 
from the state of solids or liquids, into the state of vapor, or gases. 

20. Inertia signifies the total absence in a 
^'^^JrtUf '"*' ^^y ^^ ^1 power to change its state. If a 

body is at rest, it can not of itself commence 
moving ; and if a body be in motion, it can not of it- 
self stop, or come to rest. The motion, or cessation of 
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motion in a bodj^ requires a power to exist independent 
of itself. 

It is obvious, from the definition giyen, that when a body is once pnt in 
motion, its inertia will cause it to continue to move until its moTement is de- 
stroyed, or stopped, by some other force. 

A ball fired from a cannon would move on fi)reyer, were it not for the re- 
sistance or fiiction of the air, and the attraction of the earth. ^ 

21. Bj Fbiction, we mean the resistance 
^"^tianf^ which a moving hody meets with from the 

surface on which it moves. 

A marble rolled upon a carpet will move but a short distance^ on account 
of the roughness and unevenness of the sur&ce. Its motion would be con- 
tinued much longer on a flat pavement and longer still on fine, smooth ice. 
If fiictiou, the attraction of the earth, and the resistance of the air, were en- 
tirely relieved, the marble would move on forever. 

Owing to the property of inertia, or the indifi'erence of mat- 
What are Ex- ter to change its state, we find it difficult, in runnings to stop 
angles on- ^ ^^ ^^^^ ^^ ^^^ tends to go on, even after we have ex- 
erted the force of our muscles to stop. We take advantage of 
this property, by running a short distance when we wish to leap over a ditch 
or chasm, in order that the tendency to move on, which we acquire by run- 
ning, may help us in the jump. For the same reason, a running-leap is al- 
ways longer than a standing one. 

Many of the most frightful railroad accidents which have happened, are due 
to the laws of inertia. The locomotive, moving rapidly, is suddenly checked 
by an obstruction, collision, or breakage of machinery ; but the train of cars, 
in virtue of the velocity previously acquired, continue to move, and in conse- 
quence are driven into, or piled upon each other. 

For the same reasons the wheel of an engine continues to pursue its course 
for a time after the driving force has stopped. This property is taken advan- 
tage (^to reguhtte the motions of ma^mery. A large, heavy wheel is used 
in connection with the machinery, called a fly-wheel. This heavy wheel, 
when once set in motion, revolves with great force, and its inertia causes it 
to move after the foroe which has been imparted to it has ceased to act A 
water-wheel or a steam-engine rarely moves perfoctiy uniformly, but as it is 
not easy, on the instant, either to check or increase the movement of the 
heavy wheel, its motion is steady, and causes the machinery to which it Is 
attached to work smoothly and without jerking, even if the action of the dri^ 
ing foroe be less at one moment than at another. 

22, Attraction is that tendency which all 
^''tollttoii^*" *^® particles of matter in the universe have to 

approach to each other.* 

* Am Attraetion, in its varioas formi and relationi to matter, la bo oomprehenaiTo and 
Important, it la treated separately in advance. 
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The force which holds the particles of a stone, a piece of 
What are Ex- wood, or metal together, the &lling of a body to the earth, the 
t^JetSiir tendencj which a piece of iron or steel has to adhere to a mag- 

net, are all familiar examples of the different forms of attraction. 

23. All the researches and inyestigations of 
d'JSStfwiV ^iiodei^ science teach us, that it is impossi- 
"^ ble for any finite agent to either create or de- 
stroy a single particle of matter. The power to create 
and destroy matter belongs to the Deity alone. The 
quantity of matter which exists, in and upon the earth has 
never been diminished by the annihilation of a single 
atom. 

When a body is consumed by fire, there is no destniction of matter : it 
has onlj changed its form and position. When an animal or vegetable dies 
and decajs, the original form Vanishes, but the particles of matter, of which it 
was once composed, have merely passed off to form new bodies and enter into 
new combinations. 



PRACTICAL QUESTIONS ON THE PROPERTIES OF MATTER. 

1. Why win water, or any other liquid, when poared into a tnnnel doielj inierted into 
the mouth of a bottle, run orer the sides of the bottle ? 

Because the bottle is filled with air, which, having no means of escape, 
prevents the water from entering, since no two bodies can occupy the same 
space at the same time. H however, the tunnel be lifted from the bottle a 
little, so as to afford the air an opportunity to escape, the water will then 
flow into the bottle in an uninterrupted streanu 

2. Are the pores of a body entirely empty, yacant spaces f 

The pores of a body are often filled with another substance of a different 
nature. Thus, if the pores of a body be greater than the atoms of au*, such a 
body being surrounded by the atmosphere, the air will enter and fill its pores. 

3. When a sponge is placed in water, that liquid appears to penetrate it Does the water 
really enter the soud particles of the sponge f 

It does not; it only enters the pores, or vacant spaces between the par- 
ticles. 
I 4. When we plnnge the hand into a mass of sand, do we ranrmA.'Ot the sand t 

We do not ; we only displace the particles. 

5. Why do bubbles ksb to the snrliBMe when apiece of sugar, wood, or chalk Is plunged 
underwater? 

Because the air previously existing in the pores becomes displaced by the 
water, and rises to the sur&ce as bubbles. 
tf. What oceadoni the vxAivaiQ of wood or coal when laid upon the ftref 
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Because tlie air or liqaid ooatained In the pofea becomes expanded byheati 
and bontB the ooyering in which it is oooflned. 

7. Why does uqbt, POfBoui wo<»>, Uke chMtant or pine, make more iaeppioff in bonk- 
ing than snj obsb kind ? 

Because fheporesaieMryfari^andoontainfnorvatr than wood of a cIomt 
gram, like oak, etc. 

8. How is water, or any oilier Bqnld, made fob hj ttUnkag throngii paper, doth, « 
kyer of aand, rock, etcf 

The process of filtration depends on the presence of pores in the sabstanoo 
vsed as a filter, of such magnitade as to allow the particles of liquid to pass 
freelj, but not the particles of the matter contained in it, which we wish to 
separate. 

9. Why is not the snbetanee tnitaUe for Ihe filtiatioa of om Bqnid eqaal!/ adi^tedfor 
the filtratfon of aix Uqnids f 

Because the magnitude of the pores in different substances and of the im- 
purities in liquids is different ; and no substance can be separated fit>m a 
liquid by filtration, except one whose particles are laiger than those of the 
liquid. 

10. Gold and lead are metsls of great dendtjstiieirporee are not TisiUe. Is there any 
raoor of their existence beside the fiMt that they can be comp re s se d f 

Water can be forced mechanically through & plate of lead or gold without 
rupturing any portion of the metal Mercury, or quicksilver, confined in a 
dish of lead or gold, will soak through the pores, and escape at the bottom. 

An interesting experiment was tried at Florence, Italy, nearly two centu- 
ries ago^ which furnished a striking illustration of the pwosity of so dense a 
substance as gold. A hoUow ball of this metal was filled with water, and the 
aperture exactly and firmly dosed. The globe was then submitted to a very 
severe pressure, by which its figure was slightly changed. Now, it is proved 
fti geometry, that a globe has this peculiar property — ^that any change what- 
ever in its figure necessarily diminishes its volume, or capacity. The result 
was, that the water oozed through the pores, and covered the surface of the 
globe, presenting the appearance of dew, or steam cooled by the metal This 
experiment also proved that the pores of the gold are larger than the element- 
ary particles of water, since the latter are capable of passing through them. 

11. Wlien a OAXBiAcni is in motion, drawn byHOUB, whjisthe same exertion of power 
In the liorses required to stop n^ as wonld be necessary to back it, if it were at rest? 

Because, according to the laws of inertia, the force required to destroy mo- 
tion in one direction is eguai to that required to produce as mvchrnvtion in ihe 
cpposUe direction. 

12. If a carriage, railroad-car, or boat, moring with speed, be suddenlj norrait or bb- 
TAXDKD, from any cause, why are febe passengers, or the baggage carried, precipitated 
from their places in the msBonoxr or tbb m o«oh ? 

Because^ by reason of their inertia^ they persevere in the motion which they 
shared in common with the body that transported them, and are not deprived 
of that motion by the same cause. 



20 WELLS»S NATUBAL PHILOSOPHY. 

13. Why vin » maoir, leaplog from • euriage in rapid motion, fidl in ibe direction in 
which the carriage is moying at the koxxkt hia feet meet the ground f 

Because his entire body^ on quitting the yehide and desoendmg to the 
ground, retains^ by its inertia^ the progressive motion which it has in common 
with it When liis feet reach the ground, they, and they alone, will be sud- 
denly deprived of this progressive motion, by the resistance of the earth, but 
the remainder of his body will retain it^ and he will &11 as if he were tripped. 

14. Why ii a man standing earelesslj In the vnsaa of a boat Uable to fidl into the water 
behind, when the boat begins to move t 

Because his j^ are pulled forward while the inertia of his I)ody keeps it 'a 
the same poaitica, and, therefore, behind its support For a similar reason, 
when the boat stops, the man is liabld to faJl forward. 

15. When the sails of a ship are first spread to receive the roaos or niFijLSEof flie wind, 
why does nov the vessel acquire her AiU speed at once t 

Because it requires a little time for the impeUing force to overcome the tn- 
erUa of the mass of the ship, or its disposition to remam at rest 

16. Why, when the sails are taken in, does the vesael oontinne to more for a considerable 
thnef 

Because the inertia of (he mass is opposed to a change of state, and the ves- 
sel will continue to move until the resistance of the water overcomes the op- 
position. 

17. Why do we xxok against the door-post to bbaxx the snow or dust from our shoes f 
The forward motion of the foot is arrested by the impact against the post ; 

but this is not the case with respect to the particles of dust at snow which 
are not attached to the foot, and are free to move. According to the laws 
of inertia, they tend to persevere in the direction of the original motion, and 
when the foot stops, they move on, or fly off. 

18. Why do we beat a coat or carpet to xzpkl the dnstf 

The cause which arrests the motion Imparted to the coat or carpet by th% 
blow does not arrest the particles of dust^ and their motion being continued, 
they fly o£ 



CHAPTER II. 

FOBOE. 

28. Matter is constantly changing its fonn 
SL'SS^S^ and place. The most solid substance will in 
*"' ' time wear away. The air about us is never per- 

fectly stilL We see water sometimes as ice, sometimes as 
a liquid, sometimes as a vapor, in steam or clouds. The 
earth moves sixty-eight thousand miles every hour. An 
animal or vegetable dies, decays, and its form vanishes 
from our sight. 

To witot esoM ^ -^ *^® cause of all the changes observed 
«beehi^Mob! *^ *^® place in the material world, we admit 
■^red in mat- tho oxisteuce of Certain forces, or agents, which 

govern and control all matter. 
What to 25. Force is whatever produces, or opposes 

'''"•' motion in matter. 

What to lio- ^^« Mobility, or the susceptibility of mo- 
'*"*^' tion, is that property whereby a body admits 
of change of place. 

What an the 27. All the great forces, or agents in nature, 
Staw?***^ those which produce, or are the cause of all the 
changes which take place in matter, may be 
enumerated as follows : Intebkal, orMoLscuLAB Forces, 
the Attbaction of Gbavitation, Heat, Light, the At- 
tractive and Bepulsive Fobces of Magnetism and Elec- 
TBiciTT, and, finally, a force or power which only exists 
in living animals and plants, which is called. Vital Force. 

CQDoefning the real nature of these foroes, we are entirelj 
JJJjf if SL ignorant We sappose, or tajj they exist, becaose we see 
oataM or their effects upon matter. In the present state of sdence, it is 

fbeMforoei? impossible to know whether they are merely properties of 
matter, or whether they are forms of matter itself existing in an 
•xoeedingly minute^ subtile condition, without weight, and diffhsed through- 
oat the iriiole universe. The general opinion, howeTer, among lotentiflo mei^ 
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at the present day, is, that these foioee^ or agents^ are not matter, bat prop- 
ertiea, or qaalitiea, of matter. 

We see a stone &11 to the groond, and saj that the canae of it ia the at* 
traction of gravitation,* — we observe an object at a distance, and say that we 
see it through the action of light on the eye ; — ^we nottoe a tree shattered by 
lightning^ and say it is the effect of electricity ; — ^we observe an animal or 
plant to grow and flourish, and ascribe this to the action of the vital force. 
But if it is asked, What is the original cause of gravitation, light, etoctridtj; 
and vital force?— the wisest man can give no satts&ctory answer. If th* 
Creator governs matter through the agency of instrumentSi these forces may 
be called his agents, or his instruments. * 



CHAPTER III. 

IKTSBNAL, OB MOLBGULAB FOBOBS. 

What is •« 28. An Internal, or Molecular Force, is 
ii^Siir*' ^^® *^* ^^^ upon the particles of matter only 
Force? ^\^ inseosible distances. This variety of force 

differs from all others in this respect. 
What if At. 29. The various changes which matter un- 
£^J^*°* dergoes, render it certain that the atoms, or 
particles of all bodies are acted upon bj two 
distinct and opposite forces, one of which tends to draw 
the atoms, or particles, close together, while the other 
tends to separate them from one another. The first of 
these forces we call Attraction, the second Bepulsion, 
both acting at insensible distances. 

Gire aa exo ^ ^^® ^^ "'^^^ ^ * **"° P*®^ ^^ wood, when bent vithin 

ample of At- a certaui limit, will, when the restraint is removed, restore it*' 

»S^\t an >®^to ^^ original form. This takes place through the agency 

inaeneiiAe dii- of an internal force, attracting the particles together, and tend> 

^^^ ing to keep them in their original place. 

whatisEiM. 30. Elasticity is that property of matter 
****^' which disposes it to resume its original form 
and shape, after having beefi bent or compressed by some 
external force. 

Elasticity, therefore, is not so modi a distinct property of matter, as il 
nsoally stated, as it ia a phenomenon of attractive and repulsive fbroes. 
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Do «X1 bodlM "^ bodiet posMM the propertf of elaBticity, but in toij 
MNMeM «ia»- different degrees. There are aome in which the atomfl, after 
"^ ' bending, or displacement, almost perfectly lesome their former 

position. Sacfa bodies are especiaUj termed elastic^ as tempered steel, Indi*- 
rabber, ivoiy, eta Other bodies, like iron, lead, etc^ are elastic in & limited 
degree, not being able to bear any great displacement of their atoms without 
breaking, orpermanent disarrangement Fatly, moist dnj, and similar bodia% 
poBBeoi a Tery slight degree of elasticity. 

31. If we comprssB a oertsm quantity of gas, at oomrnoo 
£^e*^ ^ *^'* '^ ^'^^ ^^^ ^^ ^ ^^^^^ ^y lemonng all restraint, it 
ffuMm aetins will expand withoat limits and fill eveiy really empty space 
Ua'S^auiMi^ which is open to it This takes place through the agency of 
an internal fixoe which tends to drive the particles from one 
another. There are many reasons which lead us to suppose that the repnle- 
ive force which tends to keep the particles of matter asunder is the agent 
known as heat Gkoes may be considered as perfectly elastic. 

, ^ ^ 82. According as the attractive or lepukive 
forms or eoD- forces prevail^ all bodies wiU assume one of 
aumaturex- three forms or conditions — the SOUD^ the 
LIQUID^ or the asbifobm^^ or gaseous con- 
dition. 
wiMtto* 88. A SOLID body is one in which the par^ 

**"*' tides of matter are attracted so strongly to- 

gether, that the body maintains its form, or figure, under 
all ordinary circumstances. 

What is* 34. A LIQUID bodj is one in which the par- 

"*""' tides of matter are so feebly attracted together, 
that ihey move upon each another with the greatest 
facility. 

Hence a liquid can never be made to aasome any particular finrm, except 
tibat of the vessel in which it is inck)sed. 

,^^j^^ ^ ^ 35. An ASBiFOBH, or gaseous body is one 

a«Moas in which the particles of matter are not held 

together by any force of attraction, bat have a 
tendency to separate and more off from one another. 

Whataw fhe ^ gweoos body is generaQy invisible, and, like the air sur- 
propertiesof* rounding as, affords to the sense of toach no evidence of its 
Gateoof existence when in a state of complete repose. Gaseous bodies 
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may be confined in vessels, fix>m whence they exclude liquidiv 
» Aarifiirm, having llu fona, «r riitttUuMt, of air. 
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or other ]x>diefl^ thus demonstretrng their existence, though inyisible^ and also 
their impenetrability. 

36. Most substances can be made to assume 
drcamstaaoeB successivelj thc foHU of a solid^ a liquid, or a 
same the ^ gas. lu solids, the attractive force is the 
uqaii^'or* I strougest ; the particles keep their places, and 
^**"' the solid retains its form. But if we heat the 

solid to a sufficient degree, as, for example, a piece of iron, 
we gradually destroy the attractive force, and the repul- 
sive force increases ; the particles become movable, and wo 
say the body melts, or becomes a liquid. In liquids, the 
attractive and repulsive forces are nearly balanced, but if 
we supply an additional quantity of heat, we destroy the 
attractive force altogether, and the liquid changes to a 
gas, in which the repulsive force prevails, and the particles 
tend to fly oflf from each other. By the withdrawal of 
heat (t. e., by the application of cold), we can diminish, or 
destroy the repulsive force, and allow the attractive force 
to again predominate. 

Thus steam, when cooled, becomes a 
^^' 2 . liquid, water; and this in turn, hy the 

withihrawal of an additional amount of 
heat, becomes a solid, ice. 

The power of the repulsive force is strik. 
ingly illastrated bj the conversion of water 
into steam. In a cubic inch of water oon- 
1 verted into steam, the particles will repel 
' each other to such an extent, that the space 
occupied by the steam will be 1*700 times 
greater than that occupied by the water. 
Fig. 2 illustrates the comparative difference 
between the bulk of steam and the bulk of 
water. ,^. - 

87. The term Fluid is applied to tho8« 
bodies whose particles move easily among 
themselves. It is used to designate either liquids or 




What aw the 88. Wc distinguish four kinds of molecular 
y^ij^^ attraction, or attraction acting upon the par- 
^'^^^^^^ tides of bodies at insensible distances. These 



INTERNAL, OB KOLECULAB FOBOB&i' 25 

are, Cohesion, Adhesion, Capillabt Attbaction, and 

Affinity. 

What is Co- ^^- Cohesion, or Cohesive Attbaction, is 
hesiTeAttrac- that foice wWch Wnds together atoms of the 
same kind to form one uniform mass. 

The force which holds together the atoms of a mass of iron, wood, or stons^ 
Is cohesion, and the atoms are said to cohere to each other. , 

What is Ad. 40. Adhesion is that form of attractioa 
''®'***^' which exists between nnlike aJ;oms, or particles 
of matter, when in contact with each other. 

Dust floating in the air sticks to the wall or ceiling, through the fi>roe of 
adhesion. When we write on a wall with a piece of challE, or charcoal, the 
particles, worn off from the material, stick to the wall lind leave a mari^ 
through the force of adhesion. Two jneces of wood may be &stened together 
by means cif glue, in consequence of the adhesive attraction between the par- 
ticles of tho wood and the particles of glue. 

What is ca- ^' Capillary Attraction is that form of 
pmaryAttrac attraction which exists between a liquid and 
the interior of a solid, which is tubular, or 
porous. 

When one end of a sponge, or a lump of sugar is brought into contact with 
water, the liquid, by capillary attraction, will rise, or soak up above its level, 
into the interior of the sponge, or sugar, until all its pores are filled.* 

What la Af- 42. AFFINITY is that foHU of attraction which 
*°**^' unites atoms of unlike substances into com- 
pounds possessing new and distinct properties. 

Oxygen, for example, unites with iron, and forms iron-rust, a substance 
different from either oxygen or iron. The consideration of the attraction of 
Affinity bebngs wholly to Chemistry. 

How does the 43. The force, or strength of Cohesive At- 



forceofcohe. tractiou varfes greatly in different substances, 



Bive Attrac- 



tion vary f according as the nature, form, and arrange- 
ment of the atoms of which they are composed vary, ^ 
44. These modifications of the force of At- 
Hea of hodies tractiou, actiug at insensible distances between 
Tariatiorof * thc atoms of different substances, give rise to 
certain important properties in bodies, which 
are designated imder the names of Malleability, Duo- 

* Gapmary Attraetion is traated of moie fiiUy under the department of Hydroakatifli 
nd HydranliciL 

2 
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TiLiTT, Pliability, Flexibility, Tenacity, Habdness, 
and Bbittleness. 

These are sot| as is often taught, distinct, independent properties of matter, 
like magnitade, porosity, inertia, eta, hut modifications of the force of attraction. 

What is Mai- 45. MALLEABILITY IB that property in virtue 
***"'**^' of which a substance can be reduced to the 
form of thin leaves, or plates, by hammering, or by means 
of the intense pressure of rollers. 

' In malleable bodies^ the atoms seem to cohere equally ui whatever relatiye 
gituatimis they happen to be, and therefore readily yield to force, and change 
their positions without fiucture, almost like the atoms of a fluid. 

The property of malleability is possessed in the most eminent 

What an ez- degree by the metals ; gold, silver, iron, and copper being the 

IfalieaUUtyt most malleable. Gold may be hammered to sudi a degree of 

thinnesfl, as to require 360,000 leaves to equal an inch in 

thickness. 

What to Duo. 46. DucTiMTY is that property in virtue 
*'"*^' of which a substance admits of being drawn 
into wire. 

We might suppose that ductility and malleability would belong to the sama 
substances, and to the same degree, but they do not Tin and lead are ' 
highly malleable, and are capable of bemg reduced to extremely thin leaves^ 
but they are not ductile, since they can not be drawn into fine wire. Some 
substances are both ductile and malleable in the highest degree. Grold has 
been drawn into wire so fine, that an ounce of it would extend fifty mileai 
What are 4T, FLEXIBILITY and PLIABILITY are thoSO 

2S^5^ properties which penQit considerable motion 
^' of the particles of a body on each other, with- 

out breaking. 

What to Te- 48. T^^AClTY is that property in virtue of 
"^^' which a body resists separation of its parts, by 
extension in tl^e direction of its length, 
^'whatto 49. Habdness is a property in virtue of 

^*'**^' which the particles of a body resist impression, 
separation, or the action of any force which tends to change 
their form, or arrangement. 

When to a 50. A body, whose particles can be removed, 

^***^^*' and changed in position, by a slight degree of 
force, is said to be soft. Softness is, therefore, the oppo- 
site of hardness. 
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The property of Hardness is quite distinct from Density. Gold and lead 
possess great density, yet they are among the softest of metals. 

^''mat is Brit- 51. Brittlenesb is a property in virtue of 
"**°®"' which bodies are easily broken into fragments. 
It is a characteristic of most hard substances. 

In a brittle body, the attractive force between the atoms exists within sacb 
narrow limits, that a very slight change of position, or increase of distance 
among them, is sufficient to overcome it, and the body breaks. 
I 62. The modifications of the force of cohesive attraction between the par^ 
tides of matter, which give rise to the properties of malleability, ductility, 
flexibility, pliability, hardness, and britUeness, seem to be intimately con- 
nected with, or depend upon the particular form of the atoms of the sub* 
stance, and the particular manner in which they are arranged. 

Every one knows that it is easier to split wood lengthwise than across the 
fibers ; hence, the force which binds the particles of the wood together is ex- 
erted in a less degree in one direction than in the other. 
EzpUln how ^y <^^S^^E the fi>rm or arrangement of the atoms of a 
the force of substance, we can in many instances apparently renew or de- 
p^de on the ^"^^7 ^^® various modifications of the attractive force. The 
armgemeni following is a familiar illustration of this principle : 

°^ Steel, when heated and suddenly cooled, is rendered not 

only v^ry hard, but very brittle ; but if heated and cooled gradually, it bo- 
comes soft and flexible. We may suppose that when the atoms of steel are 
expanded — ^forced apart fix>m each other by the action of heat, and then sud- 
denly caused to contract — ^forced in upon each other — by cooling, that no op* 
portunity is afforded them for arrangement in a natural manner. But when 
the steel is cooled slowly, each atom has an opportunity to take the placo best 
adapted for it^ without interfering with its neighbor. According to one ar- 
rangement of the atoms, the steel is brittle, or the atoms will not admit of 
any motion among themselves without breaking; but according to a different 
arrangement, the attractive force is modifled, and the steel is soft and flexible. 
In a similar manner, bricks stacked up irregularly, may be made to &11 
easily, but if piled in a regular manner, they retain their stability. 

It is a very singular circumstance, that the same operation of heating and oool- 
iqg suddenly, which hardens steel, should soften copper. A piece of steel which 
has been hardened in this way is not condensed — made smaller — as we might 
have supposed it would be, but isaotually expanded, or made larger. This proves 
that the arrangement of the atoms, or particles^ has been changed. Any one 
may satisfy himself of this by taking a piece of steel, fitting it exactly into a 
guage, or between two fixed points, and then hardenmg it. It will then be 
found that the steel will not go into the guage, or between the fixed points. 

What ie An- 53. The proccss of rendering metals, glass, 
"**^**' etc., soft and flexible by heating and gradually 
cooling, is called Annealinq^ and is of great importance 
in the arts. 
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For example, the workman, in fashioning and shaping a steel instrument, 
requires it to be soft and flexible ; but in using it after it has been constructed, 
as for the cutting of stone, wood, etc., it is necessary that it should be hard. 
This is accomplished by making the steel soft by annealing, and then render- 
ing it hard by heating and cooling quickly.* 

When wfli a 54. When we bend or compress a body so 
wmpr^Sd,^' that its particles are separated beyond a certain 
break? limited distance, the force of cohesive attrac- 

tion existing between them ceases to act, or is destroyed, 
and the body falls apart, or breaks, 
^ 55. When the Attraction of Cohesion between 

Can ire re- . ■■ « -, 

jtore the at- the particlcs of a substance is once destroyed, 

traction of CO- . .* ■■, . .•■ -i • tt 

dSSS d?**' ^* ^ generally impossible to restore it Hav- 
ing once reduced a mass of wood or stone to 
powder, we can not make the minute particles cohere 
again by pushing them into their former position. 

In some instances, however, this can be accomplished by resorting to va- 
rious expedients. The particles of the metals may be made to again cohere 
by melting. Two pieces of perfectly smooth plate-glass, or marble, laid upon 
each other, unite together with such force, that it is impossible to separate 
them without breakage. In the manufacture of looking-glass plates, tliis at- 
traction between two smooth sur&ces is particularly guarded against 

* There are many practical illustrations in the arts, of the principle, that the modifiea- 
llons of the attractive force which unites the atoms of solid bodies together, are dependent 
In a great degree upon the forms, or arrangement of the atoms themselves. If we submit 
apiece of metal to repeated hammering, or Jarring, the atoms, or particles of which it is 
composed, seem to take on a new arrangement, and the metal gradually loses all its te- 
nacity, fleaibility, malleability, and ductility, and becomes brittle. The coppersmith who 
forms vessels of brass and copper by the hammer alone, can work on them only for a short 
ttme before they require annealing ; otherwise they would crack and fly into pieces. 

For this reason, also, a cannon can only be fired a certain number of times before it 
will burst, and a cannon which has been long in use, although apparently sound, is always 
condemned and broken up. 

A more Important illustration, and one that more dosely affects our Interests, is the 
liability of railroad car-axles and wheels to break from the same cause. A car-axle, after 
a long lapse of time and use, is almost certain to break. \ 

That these phenomena are due to changes in the manner of the arrangement and the 
form of the particles, or atoms, of matter, was conclusively proved by an eaperiment mada 
a few years since in France : — ^An accident having occurred upon a railroad, by the break- 
ing of an axle, by which many lives were lost, the attention of scientific men was called 
to the fact, that the iron composing the axle, when first used, was strong, and capable of 
standing a test, but after use in locomotion for a certain period, could be broken by a 
force far inferior to that by which it had formerly been tested. Many suppositions were 
made to account for this phenomenon, when finally a person took a series of rods about the 
size of pipe*Btems, all strong and tough, and, with great patience, allowed them to fall 
for hours and hours upon an anvil, thus producing rapid strokes and vibrations. After 
sul^ecting them for a long time to this treatment, he found that the rods could bo snap- 
ped an I broken into fragments almost at easily at rotten wood. 
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What ifl 56. Iron may be made to cohere to iron by 

weidingf beating the metal to a high degree, and ham- 
mering the two pieces together. The p&rticles are thus 
driven into such intimate contact, that they cohere and 
form one uniform mass. This property is called Weld- 
ing, and only belongs to two metals, iron and platinum. 

PRACTICAL QUESTIONS ON THE INTEBNAL, OB MOLECULAB 

FOBCES. 

1. In irhat respect does a gas vnma fhnn a liquid f 

A liquid, like water, milk, syrup, etx:., can be made to flow regularly down 
a slope^ or an incUnedpUme^ but a gas can not 

2. Why is a bar of iBOir stronger than a bar of wood of the same sice f 

Because the cohesion existing between the particles of iron is grecUer than 
that existing between the particles of wood. 

3. Why are the particles of a liquid more easily separated than those of a solid f 
Because the cohesive attraction which binds together the particles of a liquid 

is much less strong than that which binds together the particles of a solid. 

4. Why iryi a small needle, carefhlly laid npon the snrfaoe of water, ixoat? 
Because its weight is not sufficient to overcome the cohesion of the particles 

of water constituting the sur£u;e ; consequently, it can not pass through them 
and sink. 

5. If yoQ drop water and landannm firom the same vessel, why wOl siztt drops of the 
water fill the same measure as oks hundbed drops of laudanum f 

The cohesion between the particles of the two liquids is different, being 
greatest in the water. Consequently, the number of particles which will ad- 
here together to constitute a drop of water, is greater than in the drop of 
laudanum. 

0. Why is the preseription of medidne by inton an nnAife method f 
Because, not only do drops of fluid from the same vessel, and often of the 
same fluid from different vessels, differ in size, but also drops of the same fluid, 
to the extent of a third, firom different parts of the lip of the same vessel 
I 7. Why are oements and mortars used to fasten bricks and stone together? 
• Because the adhesive attraction between the particles of brick and stone 
and the particles of mortar, is so strong, that they unite to form one solid 



8. How may the efScacy of a looomotire engine be said to depend npon the force of 
adhesion 7 

If there were no adhesion, or even insufficient adhesion, between the tire 
of the driving-wheel of the locomotive, and the rails upon which it presses^ 
the wheel would turn without advancing. 

This aotoaUy happens when the rails are greasy, or covered with frost and 
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ice. The contact is thus interrupted, and the adhesion between the rail and 
wheel is impaired. . 

9. When a liquid adheres to a solid, what term do we apply to designate the act of 
adhesion f 

"Wetting. It is necessary that a liquid should adhere to the surface of a solid 

before it can be wet Water falling upon an oiled surface does not wet it, - 

because there is no adhesion between the particles of the oil and the partidea 

of the water. 

< 

10. Why are drops of rain, of tears, and of dew upon the leaves of plants, geneml^ 
spherical, or i^oholar f 

The force of cohesion always tends to cause the particles of a liquid, when 
unsupported, or supported on a suriace having httle attraction for it, to as- 
sume the form of a sphere— a globe, or sphere, being the figure which will 
contain the greatest amount of matter within a given sur&ce. 

This property of fluids is taken advantage of in the arts, in the manufacture 
of shot The melted lead is made to fall in a shower, from a great elevation. 
In its descent the drops become globular, and before they reach the end of 
their fall become hardened by cooling, and retain their form. 



CHAPTER IV. ^.. - • 

ATTRACTION OF GRAYITATION. 

57. The Attraction of Gravitation ia 
tS^on** "rf" that form of attraction, by which all bodies at 
Gravitatioaf gensiblc distanccs, tend to approach each other. 

Electricity and Magnetism attract bodies at sensible dis- 

Grayitation tances also, but their influence upon different classes of bodies 

differ from varies, and lA limited by distance. Molecular, or Internal At- 

of attracUon? traction, acts only at insensible distan^ses. The Attraction of 

Gravitation acts at all distances, and upon all bodies. 

_^ . ^ 68. Every portion of matter in the universe 

What is the ^ i . • i /. 

great law of attracts cvery other portion, with a force pro* 

the attraction . j j* ^i x ^ x-x J 

of oravita- portioncd dircctly to its mass, or quantity, ana 
inversely as the square of the distance. This 
is the great general law of the Attraction of Gravitation. 

By the Attraction of Gravitation being dh-ectly proportional to the mass of 
a body, we mean, that if of t\iro bodies, the mass of one be twice as large as 
that of the other, its force of attraction will be twice as great: if it is only 
half as large, its attraction will be only half as great 

By the Attraction of Gravitation being inversely proportioned to the square 
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of the distance^ we meao, that if one body, orsabstanoe, attracU another body 
with a oertaiii foioe at the distance <^ a mfle^ it wiU attract with Ibur time! 
that force at half a mile^ nine times the force at one third of a mUe, and so 
on, in like proportion. On the contrary, it will attract with but one fourth of 
the force at two miles^ one ninth of the force at three mflea^ one abcteeDth of 
tbe force at four miles, and so on, as the distance increases. 

YiQ, 3. This law may be finther 

illustrated by reference to 
Fig. 3. Let be the center 
of attraction, and let the four 
dotted lines diveiging ftom 
represent lines <^ attraction. 
At a certain distance ftom 
they will comprehend the 
small square A ; at twice that 
distance they will include the large square B, four times the size of A ; and 
since there is only a certam definite amount of attraction included within 
these lines, it is dear that as B is four times as great as A, the attraction ex- 
erted upon a portion of B equal to A, will be only one fourth that which it 
would experience when in the position marked 1, just half as for flx>m G. 

As gravitative attraction is Hie common property of all 
bodies, it may be asked, why all bodies not iSutened to the 
earth's surfooe do not come in contact? They would do so^ 
were it not for the overpowering influence of the earth*s at- 
traction, which in a great measure neutralizea^ or overcomes^ 
the mutual attraction^of smaller bodies on its surfooe, 
Does a feather ^® throw up a feather into the air, and it foils through the 
attract tbe . influence of the earth's attraction ; but as all bodies attract 
^^'^^ eacL other, the feather must also attract, or draw up, the 

earth, in some degree, toward itsel£ This it really does, with a force pro- 
portioned to its mass ; but as the mass of the earth is infinitely greater than 
the mass of the foather, the influence of the feather is infinitely small, and we 
are unable to perceive it 

What fl. ^ ^°^^ instances, where bodies are firee to move, the mu- 
lustratioiia of tual attraction of all matter exhibits itself. If we place upon 
JJ°J^j •^*" water, in a smooth pond, two floating bodies at certain dis- 
tances from each other, they will eventually approach, the con- 
ditions affecting the experiment being alike for each. Two leaden balls sua* 
ponded by a string near each other, are found, by delicate tests, to attract 
each other, and therefore not to hang quite perpendicular. A leaden weight 
suspended near the side of a mountain, indines toward it to an extent pro- 
portionate to tbe magnitude of the mountain. 

What iB the ^® eskTih attracts the moon, and this in turn attracts the 
cause of earth. The solid partides of matter upon the earth's surface, 

^^ not being free to move, do not sensibly show the influence of 

the moon^s attraction; but the partides of water composing the ocean, being 



Why do not 
all bodies up- 
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in contact? 
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free to more, finnish us evidenoe of this ottradaon, in the pheDomena of the 
tides. When, bj the revolution of the earth, a certain portion of its sur&oe 
is brought within the direct influence of the moon's attraction, the sur&ce of 
the ooean is attracted, or drawn up, to form a wave. This wave, or elevation 
of the sur&ce of the water, occurring uniformly, is called a tide ; when the 
moon is the nearest to the earth, its attraction is the greatest, and at these 
periods we have high tides, or " high water." 

What !• Ter. ^^' ^^ bodics upon the earth are attracted 
rMteuiowT- toward its center. This we call Terrestrial 
^ Gravitation. 

wiuit li the The attraction of the earth is not the same 
earth'^ttr^ &t all distanccs from the center, being greatest 
****"' at the surface, and decreasing upward as the 

square of the distance from the center increases, and down- 
ward simply as the distance from the center decreases. 

SECTION I. '^ 

WEIGHT. 

» . ,^ 60. When a body falls to the earth, it de- 
the rarfaeKf ^®^^^ bccause it IS attracted toward the center 
the earth at- of the earth. When it reaches the surface of 

tractedf 

the earth, and rests upon it, its tendency to 
continue to descend toward the center is not destroyed, 
and it presses downwards with a forbe proportioned to the 
degree by which it is attracted in this direction. This 
pressure we call Weight. 

What Is 61. Weight is, therefore, the measure of 

Weight? £^y^^ ^^j^ which a body is attracted by the 
earth. In ordinary language, it is the quantity of matter 
contained in a body, as ascertained by the balance. 

Weight being, then, the measure of the earth's attracticm, it 
Weteht iSyt follows that as the attraction of the earth varies, weight miist 
also yaiy, or a bodj will not have the same weight at all 
places. 

The weight of a body will be greatest at the sttrfoce of the 
body* JelLh ^^^ «*d greatest at those points upon the snrfooe which are 
the meet, and nearest the center. 

2^^ ^ As the earth is not a perfect sphere, but flattened at the 

poles, the poles are nearer the center than the equator. A 
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body, therefore, win be attracted most strongiy, that is, win weigh the mcmt, 
at the poles, or at that portion of the earth's suiftce which is nearest the 
center, and weigh the least at the eqaator, or at that portion of the earth*a 
Bor&ce which is most remote from the center. 

A baU of iron weighing one thousand pomids in the latitude of the city of 
Kew Yoric, at the level of the sea^ wiU gam three pounds in weight, if re- 
moved to the north pole, and lose about' four pounds if conveyed to the 
equator. 

How doe. 62. If a body be lifted above the surface of 

M w^^aso^ the earthy itB weight will decrease in accord- 
2SS'i***Bar. aiice with the law, that the attraction of 
*^' gravitation decreases upward from the surface, 

as the square of the distance from the center of the earth 
increases. 

The weight of a body, therefore, will be four times greater at the earth's 
surface, than at double the distance of the sur&oe from the center ; or a body 
weighing one pound at the earth's surfitce, wiU have only one fourth of that 
wei^t, if removed as far from the surface of the earth, as the sur&ce is from 
the center. 

How does ^^' -^^ *^^ attraction of gravitation decreases 

STwc desJSS downward from the surface to the center of the 
from the sor- earth, simply as the distance decreases, weight 
will decrease in like manner. 

A body wtlghing a pound at the surface of the earth, wiU weigh only half 
a pound at one half the distance from the surface to the center. 

Where wffl » 64. At the center of the earth a body will 
w^u^°** necessarily lose all weight, since, being sur- 
rounded on all sides by an equal quantity of 
matter, it will be attracted equally in all directions, and, 
therefore, can not exert a pressure greater in one direction 
than in another. 

YThAi are -^ *^® attractive force which the earth exerts upon a body 

U^hlbod?"^ is proportioned to its mass, or to the quantity of matter con- 
tained in it, and as weight is merely the measure of such at- 
traction, it foUows that a body of a large mass wiU be attracted strongly, and 
possess great weight, while, on the contrary, d body made up of a small 
quantity of matter, will be attracted in a less degree, and possess less weight 
We recognize this difference of attraction by calling the one body heavy and 
the other light. 

If, as is represented in Pig. 4, we place a mass of lead, a, at one extremity 
of a well-balanced beam, and a feather, 6, at the other, we shall find that the 

2* 



34 



WELLS'S NATUBiLL PHILOSOPHY. 



lead 18 drawn to the earth with a force exactly equal to the saperiority of its 

mass over that of the feather. I( 
however, we tie on a sufficient 
number of feathers to make up a 
quantity of matter equal to that 
of the lead, the equilibrium is re- 
stored — the two quantities are 
attracted with equal force, and 
the beam is supported in a hori- 
zontal position. 

65. In all the opera- 
tions of trade and com- 
merce, we sell, or ex- 




I I change a given quantity 

\ J of one article or substance 



Wbat Is a Sjs* 
tern of Weights 
and Measures f 



^--^ for a certain quantity of 
some other article or substance — so much flour for so much 
sugar, or so much sugar and flour for so much gold. 
Hence the necessity, which has existed from 
the earliest ages, of having some fixed rules or 
standards, according to which different quanti- 
ties of different substances may be compared. A set, or 
series, of such rules or standards of comparison, i| called a 
System of Weights and Measures. 

Various nations adopt different standards, but in the dvil- 
ized and commercial world, but two great Systems of Weights 
and Measures are generally recognized. These are known as 
the English, and the French Systems, 

In the English System, which is the one used in ther United 
States, there are two systems of weights — ^Troy and Avoirdu- 
pois Weight Troy Weight is principally used for weighing 
gold and silver; Avoirdupois for weighing merchandize, other 
than the precious metals. It derives its name from the French avoirs (at;cn<i\ 
goods or chattels, and jwwfe, weight The smallest weight made use of in 
the English System is a grain. By a law of England enacted in 1286, it 
was ordered that 32 grains of wheat, well dried, should weigh a pennyweight 
Hence the name grain applied to this measure of weight It was afterward 
ordered that a pennyweight should be divided into only 24 grains. Grain 
weights for practical purposes, are made by weighing a thin plate of metal of 
uniform thickness, and cutting out, by measurement, such a proportion of 
the whole as should give one grain. In this way, weights may be obtained 
for chemical purposes, which weigh only the 1,000th part of a grauL 
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Hoirdoireob. 66. In constTOcting a System of Weights 
Im ofw^te and Measures, it is necessary, in the first place, 
and Measures r ^ fij. upon somc dimcnsion which shall forever 
serve as a standard from which all other weights and 
measures may he derived, and by which they may be com- 
pared and verified. If an artificial standard were taken, 
it is evident that it might be falsified, or even entirely lost 
or destroyed, thus creating great confusion. It is, there- 
fore, necessary to fix upon some unchanging and invariable 
space or size in nature, which will always serve as a stand- 
ard, and which the art of man can not affect. In th« 
English System of Weights and Measures, such an un- 
varying dimension, or standard, is found in the length of 
a pendulum. 

t)e8cribetbe ^*^' A pcudulum is a heavy body, Buspcuded 
Pendulum. ftoj^ a fixed poiut by a wire or cord, in such a 
manner that it may swing freely backward and forward. 
The alternate movements of a pendulum in opposite di- 
rections are called its, vibrations, or oscillations, and 
the part of a circle over which it moves is called its arc. 

In Fig, 5, A B represents a pendulum ; D 
C, the arc in which it vibrates. 

Now, it has been found that 
a pendulum, of any weight, 
which in the latitude of Lon- 
don will vibrate, or swing over 
the same arc, or from the 
highest point on one side, to the highest point 
on the other side, in one second of time, will 
always, under the same circumstances, have 
the same length. The length of this pendulum 
(the part A B, Fig. 5) is divided into 391,393 
equal parts. Of these parts, 10,000 are called 
an inch, twelve of which make one foot^ 
thirty-six of them one yard. Thus we ob- 
tain standards of linear measure. 

-To obtain a Standard of Weight, a cubic inch {accurcUdy ob- 
tain a standard tained from the pendidum) of distilled water, of the temperature 
of Weight? Qf g20 Fahrenheit's thermometer, is taken and weighed. 
This weight is divided into 252,458 equal parts ; and of these, 1,000 will b« 
a (fraitk The grain multiplied, gives ounces, pounds, eta 
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Explain fhe 
constrnctionof 
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Weights and 
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H d h. To obtain standaixIsofliqmdMeasare, ten poondfl^ or 7,000 
tain Standards grains of distilled water, at the same temperature, are made 
Mea^^ I ^ constitute a gaUon. The galkm, by division, gives quarts^ 

pints, and gills. 

68. The French System of Weights and Measures is 
constructed on a different plan, and originated in the fol- 
lowing manner : 

In 1788, the French Qcverrmeni, feeling the neceaeity of 
having some standard by which all weights and measures 
might be compared and made uniform, ordered a scientific in- 
quiry to be made ; the result of which was the estabhshment 
of the present system of French Weighia and Measures^ which, 
from its perfect accuracy and simplicity is superior to all other systems. It is 
sometimes called the Decimal System, all its divisions being made by ten. 

The French standard is based on an inwairiahU dimension of the ghbe^ viz^ a 
fourth part of the earth's meridian, or the fourth part of the largest circle pass- 
ing through the poles of the earth. 

In Kg. 6, the curde N E S W repre- 
sents a meridian of the earth ; and a fourth 
part of this circle, or th^ distance N E, con- ' 
stitutes the dimension on which the Fr^ch 
System is founded. This distance, which 
was accurately measured, is divided into 
ten million equal parts ; and a single ten 
millionth part adopted as a measure of 
length, and called a metre. The length of 
the metre is about 39 English inche& By 
multipljring or dividmg this quantity by ten, 
the other varieties of weights and measures 
are obtained. 

69. In the United States, Standards of Weights and 
Measures, prepared according to the English System by 
order of the Government, are to be found at Washington, 
and at the capital of every State. 
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PRACTICAL PROBLEMS ON THE ATTRACTION OP GRAVI- 
TATION. 

1. Suppose two bodies, one weighing 80 and the other 90 ponnds, dtnated ten mflee 
apart, were free to move toward each other, under the influence of mutual attraction : 
what space would each pass over before they came in contact f 

The mutual attraction of any two bodies for each other is proportional to the quantity 
of matter they contain. 

a. A body upon fhe sarfiMe of the earth weifl^ one pound, or iliteen ooneetz if by 
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I ire floold nnj it 4,000 mllai tbof Um 6ufh*i tmhm, wliat woold U IM 



weii^tr 

Solution: The force of gimvitf deetMiee opirerd, ea the iqiien of the dktaiiee from 
the oeater inereawo; ireight, therefore, wffl deoreaae in like proportton. The dietence of 
ttie body upon the surfaee of the earth, from the center, is 4,000 mOee. Iti dieteoee from 
the center, at a pohit 4,000 milee abore the Murfaee, ie 8,000. The iqiian of 4,000 is 
16,000,000 ; the square of 8,000 is 44,000,000. The weight, therefore, vlU be ^ii»i»»t.h^ 
in the proportion that sixty-fonr bears to sixteen; that is, it wiU be diminished |ths, or 
veig^ ith of a poond, or 4 omieeft 

3. What WiU be the weight of the nme hodyrenoved 8,000 nllee from the earth*! 
tcr&eer J A/ ^ 

4. Abodyonth^^orfiuseof theearth wel^ ten tone: vfaatwooU he Itiweiglfttif 
eterated 2,000 miles abore the Borfaeef /* ^ J. 

6.'How far shore the snrfsoeof the earth' mtitt a pomd weight he eairlid, to make it 
weigh one onnoe aToirdnpois f 

0L What wonld a body weic^g 800 pevnds upon the earth*! iqrfiMe, wei|^ 1,000 
mUes below the sar&oef 

The force of gravity decreases as we descend from the snrfaoe into the earth, simply 
as the distance downward increases, — ^weight being the measnre of gravity, it therefore 
decreases in the same proportion. The distance from the sorfsoe of the earth to the 
center maybe assumed to be 4,000 mOes : 1,000 mUes is one fourth of 4,000. The dis- 
tance being decreased one fourth, the weight is diminished in like proportion, and the 
body will lose 200 pounds, or its total weight would be 600 pounds. 

7. Suppose a body weighing 8C|p pounds upon the surface of the earth were sank 8,000 
miles below the sorfSue : what would be its loss in weight? ^ ^^ 

8. If a mass of iron ore weighs ten tons upon the earth* • iurCsoe, what wonld it weigh 
at the bottom of a mine a mile below the snrfMef 

9. What wffl be the weight of the lune raassat the bottom of a mine one half a mile 
below the earth's suzlace f , 

SECTION II. 

SPECinO 0&ATITT| OR WEIGHT. 

In what two '^' "^ P^®** °^ "^"^ ""*^ "* water, and floats upon qolck- 
senses may the silyer. In the first instance, we say the iron sinks because it 
JSttied?****** is heavier than water; and in the second, it floats, because it 
is lighter than quicksilver. Iron, therefore, is a heavy boJj 
compared with water, and a light bodj compared with mercury. But in or* 
dinaoy language, we always consider iron as a heavy body. The term 
weight may, therefore, be used in two very different senses, and a body may 
be at once very light or vexy heavy according to the sense in which the teims 
are used. A mass of cork which weighs a ton is very heavy, because its ab- 
solute weight as indicated by the balance, viz.. 2,000 pounds, is consideraUa 
It is, however, in another sense, a light body, because if compared, bulk for 
bulk, with most other solid substances, its weight is very small. Hence we 
make a' distinction between the absolute, or real weight of a body, and its 
specific^ or comparative weight 
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What is Ab. 71. The Absolute Weight of a body is 
■oiute Weight? ^YiSit of its entire mass, without any reference 
to its bulk, or volume. 

What i« spe- 72. The Speoipio Weight, or the Spbcifio 
eiflew«ightr Gravity of a body, is the weight of a given 
bulk, or volume of the substance, oompaved with the weight 
of the same bulk, or volume, of some other substance. 

The term " Specific'* Weight, or Gravity, is used, becaust 
tt??term " Spc! bodies of diflferent species ,of matter have different weights 
dfie,** at ap- under equal bulks, or volumes. Thus, a cubic inch of cork, 
^^^ht? b^ ^ different weight fix>m a cubic inch of oak, or of gold, and 

a cubio inch of water contains a less weight than a cubic inch 
of mercory. Hence we say that the specific gravity, or specific weight, of 
cork is less than that of oak or gold, and the spedfio gravity of mercuxy is 
greater than that of water. 

73. Specific Gravity, or Weight, being merely the oompara- 
aS*^ ? f** *^^® gravity, or weight, it is convenient that some standard 
estimating the should be selected, to which all other substances may be re* 
S^£>^r ^®"®^ ^^^ comparison. Distilled water has accordiigly been 

taken, by common consent, as the standard for comparing the 
weights of all bodies in the solid, or liquid form. The reason for using dis- 
tilled water is, that we may be certain of its purity. 

Water, therefore, being fixed upon as the standard, we determine the spe- 
dfic gpravity of a body, or we ascertain how much heavier or lighter a sub* 
stance is than water, by the following rule:— 

Hoir do we 74. Divide the weight of a given bulk of the 
dfie *oraX substauce, by the weight of an equal bulk of 
of bodies? water. 

Explain the Suppose we take five vessels, each of which would contain 

application of exactly one hundred grains of water, and fill them respectively 
this rule. ^^^ spirits, ice, water, iron, and quicksilver. The following 

differences in weight will be found : — The vessel filled with spirits would 
weigh 80 grains; with ice, 90 grains; with water, 100 grains; with iron, 760 
grains ; with quicksilver, 1,350 grains. 

Water having been selected as the standard for comparing these different 
weights, the question to be settled is simply this: How much lighter thao 
water are spirits and ice, and how much heavier than water are iron and 
quicksilver; or, in other words, how many times is 100 contained in 80, 90, 
750, and 1,350? The weights of the different substances filling the vessel 
are, therefore, to be divided by 100, the weight of the water ; and there is 
found for spirits the weight 0-80, one .:fth lighter than water ; for the ice, 0*90, 
one tenth lighter than water; for the iron, 7*50, or seven and a half times 
heavier than water; for the quicksilver, 13*50, or thirteen aaxd a half times 
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Hoir do we ob* 
tain the 8pe- 
eifie anvitf 
of liquid 
bodiesr 



in water, wluit 
occurs? 



header than water. Iheae numbers, thefefore^ are the tpec^ gravUies of *he 
ipiritSf ice, iron, and quicksilver. 

For obtaining the Bpedfio grayity of Liquids the method 
above described is substantiallj the one nsoallj adopted in the 
arts. A bottle capable of holding exactlj 1,000 grains of 
distilled water, at a temperature of 60^ Fahrenheit, is ob- 
tained, filled with water, and balanced upon the scales. The 
water is then removed, and its place supplied with the fluid whose spedflo 
gravity we wish to determine, audi the bottle and contents again weighed. 
The weight of the fluid, divided by the weight of the water, gives the speciflo 
gravity required. Thus a bottle holding 1,000 grama of distilled watpr, will 
hold 1,845 grains of sulphuric acid; 1,845+1,000=1.846, or, the sulphuric 
acid is 1.845 times heavier than an equal bulk of water. 

._. . For obtaining the specific gravity of solid bodies, a different 

vvneii we im- , , . , , -_., . ^ * > ^ 

merae a body method IS adopted. When we mimerse a body m water, 

it displaces a quantity of water equal to its own bulk. (In 

Fig. 7, the space occupied by the cube A B is obviously 
equal to a cube of water of 'the same size.) The Pia. 7. 

water that before occupied the space which the 
body now fills was supported by the pressure of the 
other particles of water around it The same 
pressure is exerted on the substance which we 
have immersed in the water, and, consequently, it 
will be supported in a like degree. 
Wh n wfll ^ *^® ^^^^ weighs less than an 

body sink, and equal bulk of water, the pressure 

of the water will sustain it entirely, 

and the body will float; i^ on the 
contrary, it is heavier than an equal bulk of water, 
the pressure of the particles of water will be un- 
able wholly to sustain it, and, yielding to the at- 
traction of gravitation, it descends, or sinks. 

But to whatever extent a body may be supported in water, to the same 
extent it will cease to press downward, or its weight will diminish. We ac- 
cordingly find, that a solid body, when immersed in water and weighed, will 
weigh less than when weighed in air, and the diflerence between these two 
weights will be equal to the weight of a quantity of water of the same size or 
bulk as the solid body ; all bodies of the same size, therefore, lose the same 
quantity of their weight in water. To find the Specific Gravity of Solids 
heavier than water, or their weight compared with the weight of an equal 
bulk of water, we have the following rule : 

75. Ascertain the weight of the body in 
water, and also in air. Divide the weight in 
air by the loss of weight in water, and the 
quotient will be the specific gravity required. 



when float, in 
water? 




How do we de- 
termine the 
Specific G»*av- 
it7 of Solids 
heaTler than 
water? 
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^Q.^ g^ Sappofle a piece of gold weighs in 

the air 19 grainfly and in water 18 
grains; the loss of weight in water will 
be 1; 19+1= 19| the specific gravitj 
of gold. 

Fig. 8 represents the arrangement of 
the balance for taking specific gravitiea^ 
and the manner of suspending the bodj 
in water ih>m the scale pan, or beam, 
hj means of a fine thread, or hair. 

76. To find the epecifio 
gravity of a body lighter than 
water^ tie it to some substance 
suflBiciently heavy to sink it, 
"whose weight in air and water 
is known. Weigh the two together, both in air and water, 
H<nr do we ^^^ ascertain the loss in weight. This loss 
dfie *^G»i§^ ^Ul be the weight of as much water as is equal 
Sghte* o^ '^ 1>^1^ ^ *h® *^^ solids taken together. 
water? Subtract the loss of the heavy body weighed 

by itself in water, previously known, from the loss sus- 
tained by the combined soUds. The remainder will be 
the weight of as much water as is equal in bulk to the 
lighter body. Divide the weight of the lighter body in 
air by this remainder, and the quotient will be the spe- 
cific gravity required. 

Thus, for example, let the weight of the lighter solid be 3 ounces, and that 
of the heavier solid 15 oancea Let the weight which the two together lose 
when submerged in water, be 6 ounces, and let the weight which the heavier 
alone loses when immersed be 1 ounce. Subtracting the loss of weight of the 
heavier body, in water, 1 ounce, firom the combined loss of the two in water, 
6 ounces, we have 4 ounces as the weight of a mass of water equaJ in bulk to 
the lighter body. But the weight of the lighter body in air is 3 ounces; 
3-f-4=0.75=f. It will, therefore, weigh three quarters of its own volume 
of water, or have a specific gravity 0.75. 

f 77. The specific gravity of liquids may also be found by the 

SiT tST^Spe* halance in the following manner : Weigh a solid body m water, 
cific GfRvity as well as in the liquid whose specific gravity is tn be de- 
directtybythe termined ; then the loss in each case will be the respective 
weights of equal bulks of water and liquid We have^ there- 
fore, the following rule : 

78. Divide the loss of weight in the liquid by the loss 
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of weight in water ; the quotient will give the specifio 
gravity of the liquid. 

Thus a solid body (a piece of ^ass is generally used) loses 20 grains when 
ireigfaed in water, and 30 grains when weighed in add; 30-i-20= 1.5, the spe- 
cific gravity of the add. 

79. There are yarioos other methods of obtaining the specific gravity of 
solids and liquids.* Those we hare described aro the ones most generally 
adopted. 

Bovdoireob. 80- ^^^ obtaining the specific gravity of 
2£ *GntX B^^i ^^ instead of water is adopted as the 
•tk(HBt standard of comparison. The weight of a 
^ven volume or measure of a gas is compared with the 
weight of an equal volume of pure atmospheric air, and 
the weight of the gas divided by the weight of the air, 
will express the specific gravity of the gas. 

81. The following table exhibits the specific gravity of various solid, liquid, 
and gaseous bodies ; pure water, having a temperature of 60 degrees Fahren- 
heit's thermometer, being assumed as the standard of comparison lor solids 
and liquids^ and pure, dry air, having the same temperature, being assumed 
as the standard of comparison for gases. The metal platinum has the g^reatest 
specific gravity of any solid body, being 214^0 times heavier than an equal 
bulk of water ; and hydrogen gas the least specific gravity of any of the gasea^ 
being 14^ lighter than an equal bulk of air, and 12.000 lighter than an equal 
bulk of water. These two substances are respectively the heaviest and light- 
est forms of matter with which we are acquainted. 

SOLIDS ASD UQmDa 

Distilled water 1.000 

Platinum * 21.500 

Gold 19.360 

Mercury 13.600 

Lead 11.460 

' saver 10.600 

Copper 8.870 

Iron 1800 

Flint Glass 3.320 

Marble 2.830 

Anthracite coal 1.800 

Box-wood . 1.320 

Sea-water 1.020 

Whale oil 0.920 

Pitch-pine wood 0.660 

• See Hydrometer. 
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White pine 0.420 

Alcoliol 0.800 

Ether 0.720 

Cork ' 0.240 

OASES. 

Ptire^ ^ atmoflpherio air 1.000 

Carbonic acid gas . . . • 1.520 

Oxygen 1.100 « 

Kitrogen ....*. 0.9*70 

Ammoniacal gas . 0.680 

Hydrogen 0.070 

How ean ire ®^' '^ ^^^^ ^^ ^^ water weighs almost exacflf 1,000 
determine the Ounces avoirdupois, or 624- pounds. I^ therefore, the Bpecifio 
Sf a'bSdJfrom fS^"^^ ^^ "^^^ ^ represented by the number 1,000, the 
its »aw&o numbers which express the specific gravity of all other sdids 
Grarityr ^^^ liquids, will also express the number of ounces contained 

in a cubic foot of their dimensions. Thus, the specific gravity of gold being 
19.360, it follows that a cubic foot of gold will weigh 19,360 ounces; and the 
specific gravity of cork being 0.240, the weight of a cubic foot of cork will 
be 240 ounces. By means of a table of spedfic gravities, therefore, thd 
weight of any mass of matter can be ascertained, provided we know its cu- 
bical contents, by the following rule : 

83. Multiply the weight of a cubic foot of water by 
the specific gravity of a substance ; the product will be 
the weight of a cubic foot of that substance. 

Thus, anthracite coal has a specific gravity of 1.800. This^ multiplied by 
the weight of a cubic foot of water, 1,000 ounoes, gives 1,800 ounces^ which 
Is the weight of a cubic foot of coal 

How em ITS ^^ ^hc volumc, ot bulk, of any given weight 
bSwl eSt ^^ * substance can also be readily calculated, 
SSSfaUa^ ^y dividing the number expressing the weight 
'*^' in ounces by the number expressing the spe- 

cific gravity of the substance, omitting the decimal points; 
the quotient will express the number of cubic feet in the 
volume, or bulk. ^ 

Thus, for example, if it be desired to ascertain the bulk of a ton of iron, it 
is only necessary to reduce the ton weight to ounces, and divide the number 
of ounces by 7.800, the specific gravity of iron ; the quotient will be the 
T^Ai. -xj . liumber of cubic feet in the ton weight 

of matter were 85. If thc particlcs of all matter were per- 
h^ woSr^ fectly free to move among themselves, their 
ow^^jireer arrangement in space would always be in ex- 
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act accordance with their different specific gravities : in 
other wordS; light bodies, or those having a small specific 
gravity, would rest upon, or rise above all heavier bodies, 
or those possessing a greater specific gravity. 

_. g. In ihe case of different liqmds, the particles of which are 

tnttioiis of thi« free to move among themselves, tins arrangement alwajm ex* 
principle r jg^ g^ j^Qg ^g ^^ different sabstances do not combine ten 

gether, by the force <^ chemical attraction, to form a componnd substanoSL 
Thus, water floats upon sulphuric ackl, oil upon water, and alcohol upon oi^ 
and by carefully pouring each of these liquids successively upon the surftoa 
of the other, they may be arranged in a glass in layers. 

Carbonic acid gas is heavier than atmospheric air. We accordingly find 
that it accumulates at the bottom of deep pits, wells, caverns and mines. 

This principle also explains certain phenomena which at 
hasZin^ZeaSi ^^ ^eem opposed to the law of teirestrial gravity, that all 
or a cork rise- matter is attracted toward the center of the earth. We ob- 
of water f B^^o & balloon, a soap-bubble, or a doud of smoke or steam 

to ascend ; and a corl^ or other light body, placed at the bot- 
tom of a vessel of water, rises through it, and swims on the sur&oe. These 
phenomena are a direct consequence of gravitation ; the attraction of which, 
increasing with the quantity of matter, draws down the denser air and water 
to occupy the place filled by the lighter bodies, which are thus pushed up^ 
4nd compelled to ascend. 

FiQ, 9. Suppose a, Fig. 9, a ba]l of wood so loaded with lead 

I that it will fioat exactly in the middle of a vessel of water. 
The weight of the wood and the upward pressure of the 
water have such a relation to each other, that the ball is 
balanced in this position. If now we add a few drops of 
stroi^ salt and water, we shall see, as it sinks and mixes 
with the water, that the ball, a, is forced to the top of the 
fluid, because the attraction of gravitation on the denser 
fluid draws it down, and compels it to occupy the place 
ofo. 

The principle that the particles of liquids arrange them- 
selves according to their specific gravities, has been taken 
advantage of in the West Indies by the slaves, in order to 
enable them to steal rum fix>m casks. The long neck of a bottle filled with 
water, is inserted through the bung of the cask into the rum. The water 
(alia out of the bottle into the cask, while the lighter rum rises to take its 

The principle of specific gravity admits of many valuable 
rf th**^" ^SS *PPl*ca*^o^ ^ ^^'^ ^^^ ^^ offers a very sure and quick 
appiieaSons of method of determining whether a substance is pure or adul- 
specific grav- terated. Thus, silver may be mixed with gold to a consider- 
able extent) without changing, to any great degree, the ap- 
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pearanoe of the gold. The specific grayity of pure gold being 19, and of pure 
silver 10, it is obvious that a mixture of the two will have a specific gravity 
leas than pure gold, and greater than pure silver, the difference being propor- 
tioned to the amount of adulteration. In the same way we can determine 
whether cheap oils have been mixed with expensive oils, cheap and poor il- 
luminating gas, with expensive and brilliant gas. In any case it enables ua 
to ascertain the exact oze or solid bulk of a mass, however irreg^ular— «ven 
of a bundle of twigs.* 

jPRACnCAL PROBLEMS RELATIKa TO SPECIFIC GRAVITY. 

1. The -relght of a solid body is 200 grains, bat its weight in water is only 160 gndnss 
what is the specific gravity of the body f 

Soiutian: 60 grains = loss of weight in water; SOO grains (weight in air)-i'60=4, spe^ 
dfic gravity reqtiired. 

2. A body weighed in the air 28 pounds, and in water 84 pounds ; what is its specific 
gravity r ^ 

3. An in^lar fragment of stone weighed in air 78 grains, bat ^ost 80 npon being 
weighed in water ; what was the q;»ecific gravity of the stone f 

4. A piece of cork weighed in the air 48 grains, and a piece of brass 660 gndns ; the 
brass weighed in water 488 grains, and the brass and cork when tied tether weighed in 
water 836 grains. What was the spedfie gravity of the ooi^ ^ » !o Ij 

5. How much more matter is there in a eaUe foot of sea-water, than in a cable foot of 
freshwater? »ifc, ^^ "> 

6. Would a piece of steel sink or swim In melted copper f X' ' "^ v\ ' ' 

7. When alcohol and whale-oil are pat in the same vessel, which of these two sab- 
stances will occupy the top, and which the bottom part of the vessel? ' 

8. If a cubic foot of water weigh 1,000 ounces, what will be the weight of a cubic foot 
ofleadf ; , 

9. What wm be the weight of a cable foot of cork, in ounces and in poonds t 

* The attempt to ascirtaln whether a particular body had been adulterated led Arehi. 
modes, it is said, to the discovery of the principle of specific gravity. Hiero, King of 
Syracuse, having bought a crown of gold, desired to know if it were formed of pure metal; 
and as the workmanship was costly, he wished to accomplish this without defodng it 
The problem was referred to Archimedes. The philosopher for some time was unable to 
solve it, but being in the bath one day, he obserred that the water rose in the bath in ex« 
act proportion to the bulk of his body beneath the surface of the water. He instantly per- 
ceived that any other substance of equal rise, would raise the water just as much, though 
one of equal weight and less sise, or bulk, could not produce the same effect Convinced 
that he could, by the application of this principle, determine whether Hiero* s crown had 
been adulterated, and moved with admiration and deUght, he is said to have leaped from 
the water and rushed naked into the street, crying •♦ Et»p»jico I Bvptixa V* " I have found iti 
I have found it I** In order to apply his theory to prsetioe, he procured a mass of pure gold 
and another of pure silver, each having the same weight as the crown ; then plunging the 
three metallic bodies suocesslvely into a vessel quite filled with water, and having carefully 
collected and weighed the quantity of liquid which was displaced in each instance, he 
ascertained that the mass of pure gold, of the same weight as the crown, displaced less 
water than the crown ; the crown was, therefore, not pure gold. The mass of pure silver 
of the same weight as the crown, displacedmore waterthan the crown < the crown, tiiara- 
fore, was not pare silver, bat a miztnre of gold and silver. 
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10 HovmanyeaUofeetiiiatonofgoldr '^ j'i'iL 

U. How many enUc feet in two tons of anttmdte eoalf ^y ^fa 

12. How many cable feet in a ton of oork f 3 '^ 3 ' ^ ) 

13. A firagment of metal lost ounces when weighed in water ; wh*t vtra Iti dIflMii* 
dons, supposing a cubic foot of water to weigh 1,000 ounces f 

SiAxition: The lossof weight in water, 6 ounces, is the weight of a hulk of water eqoal 
to ttiat of the body. As we know the weight of a cubic foot of water, we can determine 
the number of cnUe inches or feet in any given weight, thus : as 1,000 (the weight of a eubie 
foot of water in ounces) is to 5 ounces, so is 1,7S8 (the number of euMe inehet in a eabte 
foot) to 8.64 cubio inches, the dimenrions of the fragment 

14. 'Wishing to aseertain the number of enble inehef in an Irregular fr agme nt of stooe^ 
it was weighed in water, and its loss of weight obserred to be 4.96 ouneei. What were its 

^ SECTION Ili. 

4BNTEB OF OBATITT. 

86. The Centeb of Gravity in a body, is 

centeroTaw- that point about which, if supported, the 

whole body will balance itself. 

jij^ jQ If we take a rod, or beam, of 

equal size throughout, and suspend 

it from the middle, Fig. 10, the 

two sides will exacUj balance each 

, other, and it will remain at rest in 

a horizontal position. There being 

as much matter similarly situated on one side of the support as on the other, 

the force of attraction exerted on both sides will be alike, and therefore one 

side can not overpower, or outweigh the other. 

In eveiy body, of whatever aze or form, a point may be 
^nSdSr^ SI ^^^^ about wWch, if supported, all the parts of the body will 
whole attrac- balance, or remain at rest Everybody may be considered as 
flSS'^^ made up of separate particles, each acted upon separately by 
trated at its gravity, but as by supporting this one point we support the 
gnterof Gray- ^jiole, as by lifting it we lift the whole, and as by stopping it 
we cause the whole body to rest, the whole attraction exerted 
on the entire mass may be considered as concentrated at this one point, and 
tills point we call the Center of Grayitt. 

What is (be ^*^' '^^^ Ckntkb OP MAGNITUDE of a body, 

SSde t*'*'*^' is the central point of the bulk, or mass of the 

body. 
Where is the ^^' ^^^^^ ^ ^^7 ^^ ^^ unifonu donsity, the 

Center of •rar- CbNTBR OP GRAVITY will Coincido with itS 
njatm body f <••••» -i « 

center of magnitude ; but when one part of a 
body is composed of heavier materials than another part, 
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the center of gravity no longer corresponds with the center 
of magnitude, or the central point of the bulk of the body. 

Fio. 11. Thus, in a sphere, a cube, or a cylinder, the center of grav- 

ity is the same as the center of the body. In a ring of uni- 
form size and density, the center of gravity is the center of 
k the space inclosed in the ring (see Fig. 11). This example 
I shows that the center of gravity is not necessarily included 
in that portion of space occupied by the matter of the body. 
In a wheel of wood of uniform density and thickness the 
center of gravity will be the center of the wheel, but if a part of the rim be 
made of iron, the center of gravi^ will be removed to some point aside from 
the center. 

When two bodies are connected together, they may be regarded as one 
body, having but one center of gravity. If the two bodies be of equal weight, 
the center of gravity will be in the middle of the line which unites them ; 
but if one be heavier than the other, the center of gravity will be as much 
nearer the heavier body, aa the heavier exceeds the lighter one in weight 
^10^ 12. Thus, if two balls, each weighing four pounds, be 

I- connected together by a bar, the center of gravity 
^^ will be a point on the bar equally distant from 
""fin ^^"^ ^^* ^ ^°® ^ *^® ^*^^ ^ heavier than the 

^B^ other, then the center of gravity will, in propor- 
tion, approach the lai^ger balL This is illustrated by reference to Fig. 12, in 
which the center of gravity about which the two balls support themselves, is 
seen to be nearest to the heavier and larger balL 

89. The center of gravity of a body being regarded as the 
Center ofOrav- P^™* ^ which the sum of all the forces of gravity acting upon 
itybeinperma- the separate particles of the body are concentrated, it may 
SS^briumf*^' be considered as influenced by the attraction of the earth 
in a greater degree than any other portion of the body. It 
follows, therefore, that if a body has freedom of motion, it can not be brought 
into a position of permanent equilibrium, until its center of gravity occupies 
the lowest situation which the support of the body will allow; tliat is. the 
center of gravi^ will descend as far toward the center of the earth as possible. 

,^ , ^ 90. By Equilibrium we mean a state of rest 

What do we iiii . i-i* 

meanbvEquUi- produccd Dj tho oountcrpoise, or balancing, of 
opposite forces. 

I Thus when one force tending to produce motion in one direction, is opposed 
by an equal force tending to produce motion in an exactly opposite direction, 
the two balance each other, and no motion results. To produce any action, 
there must be an inequality in the condition of one of the forces. 
B what X- '^^ ^'^^^ of this principle may be illustrated by certain ex- 
periment can periments which at tot seem to be contradictory to it. Thus 
SSprinSe? * cylinder may be made to roll up an inclined plane. Fix a 
piece of lead, 2^ fig. 13, on am sidd of the cylinder o^ so that 
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Fig. 13. 



the center of gravity <^ the cylinder viU be at the pomt i; while its center 

of magnitude is at e. The cylinder 
will then roll up the inclined plane to 
the position a I, because the center 
of gravity of the mass, ^ will endeavor 
I to descend to its lowest point 

91. A prop that supports 
the center of gravity sup- 
ports the whole body. This support may be applied in 
V ^ , ,^ three different ways : 

In what three *' 




wnjB joMj the 
rofOrar- 



ninstnto 

fintOBM^ 



the 



ceiterof^orar "' ^^® poiut of Bupport may bo applied di- 
iij be rapport- rectly to the center of gravity of the body. 

2. The point of support may have the cen-« 
ter of gravity immediately below it. 

3. The point of support may have the center of gravity 
immediately above it. 

In the first case, Vhere the pdnt of support is applied di, 
rectly to the center of gravity, the body will remain at rest iq 
any position ; this is illustrated in the case of a common wheel, 
where the center of gravity is also the center of the figure, and this being 
^Q^ l^ supported on the axle, the wheel rests 

indifferently in any position. In Fig, 
14, let a, the center of the wheel, which 
is also its center of gravity, be supported 
by an axle; — ^the wheel rests, no matter 

-iL to what extent we turn it 

In the second case, where the point 
'C of support is above the center of gravity, 
the body, if it is allowed fi^edom of mo* 
tion, will not rest in perfect equilibrio 
until its center <^ gravity has descended to the lowest position, which in all 
cases will be immediately beneath the pomt of suspension. 
Thus, in Fig. 14, let the wheel, the center of gravity of which 
is at o^ be suspended from the point &, by a thread, or hung 
npon an axle, having freedom of motion on that point However much we 
may move it, either right or left^ toward m or n, as shown by the dotted Imea, 
am and an, it swings back again, and is only at rest when b and a are m the 
same perpendicular line. 

In the third case, where the point of support has the cen- 
ter of gravity above it, a body will remain at rest only so long 
as the center of gravity is in a vertical line, above the point 
of support In Fig. 14, suppose the wheel to be supported at the point c, sit- 
uated in a vertical line a c, i^uncdifttely below t^e ceiiter of gravity, a; so 
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What is Indif- 
ferent EquiU- 
brium? 



"VOiat is Stable 
Eqailibriamr 



long as this position is maintained, the wheel will remain at rest, but the mo- 
ment the center of gravity, a, is moved a little to the right or left, so as to 
throw it oat of the vertical line joining a and e, the wheel will turn over, and 
assume such a position as to bring the center of gravity immediately beneath 
the point of support, as in the second case. 

Upon what 92. The stability of a body, therefore, de- 

bSi^ofib!^ pends upon the manner in which it is sup- 
depeodr ported, or in other words, upon the positiou 

of its center of gravity. 

What are the 93. As a body may be supported in three 
ttoM^of^Sm- positions, we have, as a consequence, three 
briumf conditions of equilibrium, viz., Indifferent, 

Stable, and Unstable Equilibrium. 

iNDiFFEREifT Equilibbiuu oocuts whon a body is supported 
upon its center of gravity ; for then it remains at rest indiffer- 
ently in every position. 

Stable Equilibriuk occurs when the point of support is 
above the center of gravity. If a body be moved from this 
position, it swings backward and forward for a time, and 
finally returns to its original situation. 

What is Un- Unstablb EQUILIBRIUM occuTS when the point of support is 
stable Eqoiii. beneath the center of gravity. The tendency of the center of 
brium f gravity in such cases is to change, and take the lowest situation 

the support of the body will allow. 

94. The principle that when a body is suspended freely, it 
will have its center of gravity in a vertical line, immediatoly 
below the point of support, has been taken advantage of to 
determine experimentally the position of the center of gravity, 
in irregular shaped bodies. Suppose we suspend, as in Fig. 
15, an irregular piece of board by means of cord. A plumb-line let fiJl from 
the point of support, or the prolongation of the cord, will 
pass through the center of gravity, G. If we now attach 
fbe cord to another point, and suspend the body anew, ths 
prolongation of the cord in this instance, also, will pass 
through the center of gravity, G. The intersection of 
these two lines will be the center of gravity, and the 
board, if suspended by a cord attached to this point, will 
hang evenly balanced. 

95. A line which connects the center of 
I gravity of a body with the center of the 
earth, or, in other words, a line drawn from 
the center of gravity perpendicularly downward, is called 
the Line of Dibection. It is called the Line of Direction^ 



How maj ire 
detennine tibe 
center of grar- 
itj in irregular 
bodiear 
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y^* **f., ***• because when a solid body falls, its center of 

LineofDireo- . i . i . ., . 

tiont gravity moves along this Ime until it reacnei 

the ground. When bodies are supported upon a basis, 
their stability depends on the position of their Line of 
Direction. 

96. If the line of direction falls within the 
base upon which the body stands, the body 
remains supported ; but if it falls without the 
base, the body overturns. 

Fig. 16. Fio. IT. 



When will a 
bodj stand, 
and when wiU 
ItfaUr 





Thus, in Pig. 16, the line directed vertically from the center of gravity, G, 
falls within the hase of the body, and it remains standing; but in Fig. 17 a 
similar line &ll8 without the base, and the body, consequently, can not be 
maintained in an upright position, and must fall 

A wall, or tower stands securely, so long as the perpendicular line drawn 

through its center of gravity &Ils 



Fia. 18. 




within its base. The celebrated 
leanmg-tower of Pisa, 31 5 feet high, 
which uiclines 12 feet from a pei^ 
fectly upright position, is an example 
of this piinciple. For instance, the 
line in Fig. 18, billing from the top 
of the tower to the ground, and 
passing through the center of gravitji^ ' 
fidls within the base, and the tower 
stands securely. Jt, however, an 
attempt had been made to build the 
tower a little higher, so that the per- 
pendicular line passing through the 
center of gravity, would have fallen 
beyond the base, the structure cc Jld 
no longer have supported itselt 

97. The broader, or larger 
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the base of a body^ and the nearer its principal mass is to 
the base, or, in other words, the lower its cen- 
ter of gravity is, the firmer it will stand. 

A pyramid, for this reason, is the firmest of all structures. 
The base upon which the human body rests, or is supported, 
is the two feet and the space included between thenL The 
advantage of turning out the toes when we walk is, that it 
increases the breadth of the base supporting the body, and 
enables us to stand more securely. 
In every movement of the body, a man adjusts his pomtion unconsciously, 
in such a way as to support the center of gravity, and cause the line of di- 
rection to &XL within the base. 

WI17 doei a ^ person carrying a load upon his ba6k, bends forward in 
order to bring Uie center of gravity and his load over his 
feet 



win a 

body ttond 
Bortfirmlyf 



Whml !■ fh« 
•dymntage of 
tondiigoatlhe 
toei io walk- 

ti«r 



person eany^ 
uig a load up- 
on hia .back 
band over? 



Fig. 19. 



Fio. 20. 





'Why doea a 
person lean for- 

' irard in ascend- 
ing a hOl, and 
backward in 



Fia 21. 



If he carried the load in the position of A, Fig. 19, he would be liable to 
fall backward, as the direction of the center of gravity would &11 beyond his 
heels ; to bring the center of gravity over his feet, he assunaes the positiQii 
faidicated by B, Fig. 20. 

For the same reason, when a 
man ascends a hill he leans for- 
ward, and when he descends he 
leans backward. See Fig. 21. 

A high carriage is much more 
liable to be overset by an irregu- 
larity in the road than a low one ; 
because the center of gravity being 
high, the Ime of direction is easily 
thrown without the base. This 
will appear evident from the following illustradon, Fig. 2X 



Why is a high 
carriage more 
liable to orer- 
tumthanalow 
one? 
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Let A represent a coach standing on a level ; B, a cart loaded with stones 
on a slope ; C, a wagon loaded with hay on a slope ] a a a the centers of 
gravity ; a h^ line of direction ; e d^ base. 

Here it is obvious that the hay-wagon must upset, because the line of di- 
rection falls without the base ; that the coach is very secure, because the lin» 
of direction foils &r within the base; and the stone-cart, though the center 
of gravity is low down, is not very secure, because the line of direction fitlls 
very near the outside of the base. 

The effect on the stability of a body occa- 
sioned by pladng its center of gravity in a very 
low position, is shown in an amusing toy for 
children, represented by Fig. 23. The horse, 
with his rider, is firmly supported on his hind 
feet, because, by means of a leaden ball attached 
to the bent wire, the center of gravity is brought 
below the point of support 

When win a ^^* ^^ ^ P^***^ "^ *^ ^• 

body aiide aod dined sur&ce, it will slide down 

IX^"*'*'^ when its line of direction foils 
within the base ; but it will roll 
Fio. 24. down when it foils with- 

out the base. Thus the 

body, e. Fig. 24, having its line of direction e a, with- 
in the base, will slide down the inclined surfoce, cdf 
but the body b a, will roll down, since its line of di- 
rection, b o^ foils without the base. 



Fio. 24. 




PRACTICAL QUESTIONS ON THE CENTER OP GRAVITY. 

1. Why does • penon in rising from a chair bend forward f 

When a person is sitting, the center of gravity is supported by the seat; 
In an erect position, the center of gravity is supported by the feet; therefore, 
before rising it is necessary to change the center of gravity, and, by bending 
fi>rwajrd, we transfer it from the chair to a point over the feet 
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2. Why li a tnrtte placed on Its baek anaUe to move f 

Because the center of ^vity of the turtle ia^ in this position^ at (he hwtai 
poini, and the animal is unable to change it ; therefore it is obliged to remain 
at rest 

3. Why do rerj fat people throw back their head and ahoolden when fhej walk? 

In order that they may effectually keep the center of gravity of th€l body 
over the base formed by the soles of the feet. 

4. Why can not a man, standing with his beds dose to a perpendienlar wall, bend orer 
Buffidentlj to pidc np any ot()ect that Ues before him on th« groand, without falling? 

Because the wall prevents him from throwing part of his body backward, 
to cottnierbalajice the head and arms that must project forward. 

5. What is the reason that persons walking arm-in-arm shake and jostle each other, 
unless they make the movements of thdr feet to oorrespond, as soldiers do in marching 7 

When we walk at a moderate rate, the center of gravity comes alternately 
over the right and over the left foot The body advances, therefore, in a wav- 
ing line; and unless two persons walking together keep step, the waving mo- 
tion of the two fiuls to coincide. 

6. In what does the art of balandng or walking npon a rope consist f 

In keeping the center of gravity in a line over the base upon which the 
body rests. 

7. Why is it a rery difficnlt thing for children to learn to walk f 

In consequence of the natural upright position of the human body, it is 
constantly necessary to employ some exertion to keep our balance, or to pre- 
vent ourselves from foiling, when we place one foot before the other. Chil- 
dren, after they acquire strength to stand, aro obliged to acquire this knowl- 
edge of preserving the balance by experience. When the art is once ac- 
quired, the necessary actions are performed involuntarily. 

8. Why do young qnadrupeds learn to walk much sooner than children t 
Because a body is tottering in proportion to its great aitihtde and narrow 

base, A child has a body thus constituted, and leams to walk but slowly be- 
cause of this difficulty (perhaps in ten or twelve months), while the young of 
quadrupeds, having a broad supporting base, are able to stand and move about 
almost immediately. 

9. Are all the limbs of a tall tree arranged In such a manner, that the line direeted 
flrom the center of grayity is caused to fall within the base of the tree f 

Nature causes the various limbs to shoot out and grow from the sides 
with as much exactness, in respect of keeping the center of gravity within 
the base, as though they had been all arranged artificially. Each limb grows, 
in respect to all the others, in such a manner as to preserve a due balance be- 
tween the whole. 
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XFVEcrg or gbayitt as displayed bt jauisq BODm 
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98. When an unsupported body falls, its 
motion will be in a straight line toward the 

center of the earth. This line is called a Yebtical 
Line. 

99. If a body be suspended by a thread, the 
thread will always assume a vertical direction, 

or it will represent that path in which the body would 
have fallen. A weight thus suspended by 
a thread, is called a Plumb-Linr,*^ Fig. 25, 
and is used by carpenters, masons, etc., to 
ascertain by comparison, whether their work 
stands in a vertical or perpendicular position. 
^^1^4 1, , 100. A plumb-line is always 

Lerei Surface? perpcndicular to the surface of 
water at rest. The position of such a sur* 
face we call Level. 

No two plumb-lines upon the earth^s surface will be 
parallel, but will incline toward each other, since no two 
bodies from different points can approach the center of a 
sphere in a parallel direction. If their distance apart be 

ooe mile, this indinalion will amount to one minute, 

and if it be sixty miles, to one degree. In Fig. 26, . 

let E E be a portion of the earth's sur&ce, and D its ^ 

center; the bodies A, B, and C, when allowed to 

drop, will &11 in the direction A D, B P, and G D. 

wiiiaHbodiea, 101. As the attraction of e^ 
SScSLSSrlr: the earth acts equally and 
"Si^t^t^Z independently on all the 
iodtieB} particles composing a body, 

it is clear that they must all fall with 
equal velocities. It makes no difference whether the sev- 
eral particles fall singly, or whether they fall compacted 
together, in the form of a large or a small body. 

* Flnmb Line, ao ealled from the LaUn vord plumbum^ lead, the weight osaaUy aU 
tachsd to the •tring. 




54 



W£XiLS*S KATUBAL PHILOSOPHT. 



JouproreihiA 



Upon what do 
the force and 
relocities of 
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If ten or a hundred leaden balls be disengaged together, they will M in 
the same time, and if they be molded into one ball of great magnitude, it 
will still Ml in the same manner. 

102. Hence all bodies under the influence of gravity 
alone, must fall with equal velocities.* 

„ ^ ^ There are some familiar facts which seem Fio. 27* 

By what ex- , , ^ ., . , «,. 

periment can to be opposed to this law. When we let go 

a feather and a mass of lead, the one floats 
in the air, and the other Mis to the ground veiy 
rapidly. But in this case, the operation of gravity is modified 
by the resistance of the air ; the feather floats because the 
air opposes its descent, and it can uot overcome the resistance 
offered. But if we place a mass of lead and a feather in a 
vessel exhausted of air, and liberate them at the same time, 
they will fall in equal periods. The experiment is easily 
shown by taking a glass tube, Fig. 27, closed at one end, and 
supplied with an air-tight cap and screw-cock at the other. 
A feather and a piece of metal are previously inclosed m the 
tube. The tube being filled with tur, and inverted, the metal 
will fall with greater speed than the feather, as might be ex- 
pected. If the tube be now exhausted of air by means of 
an.air-pump and the screw-oock, and in this condition in- 
verted, the feather and the metal will fall from end to end 
of the tube with equal velocity. 

103. If a man leap fi-omachairor table, 
he will strike the ground without injury. If 
the same man leap from the top of a high 
house, he will probably be killed. These, 
and many like instances, provQ that the force 
with which a falling body strikes the ground depends upon 
the height flrom which it falls. But the force depends on 
the velocity of the body the moment it touches the ground; 
therefore, the velocity with which a body falls depends also 
upon the height firom which it descends. 

* Preriona to the time of Galileo, the plillosopben malntatned tbat the reloclfyof s 
felling body was in proportion to its weight, and that if two bodies of unequal wetghta, 
were let fall from an elevation, at the same moment, the heavier would reach the ground 
as much sooner than the lighter, as Its weight exceeded it. In other words, a body weigh- 
ing two pounds would fall in half the time that would be required hj a body weighing onm 
pound. Galileo, on the contrary, asserted that the velocity of a falling body is independant 
of its weight, and not affected by it The dispute running high, and the opioiou of th« 
public being generally averse to the views of Galileo, he challenged his opponents to test 
the matter by a public experiment The challenge was accepted, and the celebrated leaning- 
tower of Pisa agreed upon as the placa of triaL In the presence of a large concourse, two 
balls were selected, one having exactly twice the weight of the other. The two were then 
dropped from the summit of the tower at the same moment and, in exact aecordanes 
with the assertions of Galileo, they both struck the ground at tho same i"fftftntt 
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dfxw A^m 104. When a body Ma, it Is attticted bj gmvify daring 

SftuS^ M^ the whole time of its fiOhng. Gtamtf does not merely set 
the body m motion and then cease, but it oontinoes to act 
During the first second of tune, the force of gnTity wiU canse the body to 
descend through a certain space. At the end of this time^ the body would 
continue to move, with the motion it has acquired, without the action of any 
further force, merely on account of its inertia. But gravity continues to acl^ 
and will add as much more motion to the felling body during the second 
second of time, as it did during the first second, and as much again dariqg 
the third second, and so on. ( 

What ii the ^^^' ^^Ui^g bodies, therefore, descend to 
law of ftoiiig the earth with a uniform accelerated motion. 

bodies f 

A body falling from a height will fall 16 feet 
in the first second of time,^ three times that distance in 
the second, five times in the third, seven in the fourth, 
the spaces passed over in each second increasing as the 
odd numbers 1, 3, 5, 7, 9, 11, etc. 

Hoir does the 106. The entire space passed over bjr a body 
Sw* «ff "Si ^ falling is as the square of the time ; that is, 
faS*bSdy cS" in twice the time it will fall through four times 
v^^ the space ; in thrice the time, nine times the 

space .f 

The time occupied in falling, therefore, being known, the height ftom which 
a bodj &lls may be calculated bj the following rule : 

Time bei ^^'^' ^^^VP^ *^® squaro of the number of 

Slhci^hrfrom ''®^^^^® 0^ time consumed in falling, by the 
which a body distance wh^3h a body will fall in one second of 

falls be fonndt , "^ 

time. 

Thus, a stone is five seconds in falling firom the top of a predpice ; the square 
of five seconds is 25; this multiplied bj 16, the number of feet a body will 
fijlin one second, gives 400 — ^the height of the precipice. 

How do tiie 108. As the effect of gravity is to produce a 
u^^offHffiSS uniform accelerated motion, the velocity of a 
Mmparer falling body will increase as the time increasesL 

* The epaoee described by falling bodies are ^ere given in ronnd nnmben, the fraetlons 
being omittod. The spaee described by a foiling body during the first second is 16 l-lOth 
feet 

t The leslstance of the air essentially modifies the lairs of the motions of fklling bodies, 
as here stated, and with a certain Telocity, will become equal to the weight of the falling 
body. After this takes place, the body will descend with a uniform velocity. There 
Is, therefore, a limit to the relodty which a body can acquire by fiUling through the 
%tmoBphcTe. 
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Thus, at the end of two seoonda, the Telocity aoquiied bj ft Mbig body 
will be twice as great as at the end of one second, thrice as great at the end 
of the third second, and so on. 

HowarebodiM 109. Bodies projected directly upward, will 
wd!?fl*aen(£d ^® influenced by gravitation in their ascent, as 
bygrayityf ^^jj ^g ^ i}ieiT dcscent, but in a reversed 
order ; producing continually retarded motion while they 
lure rising, and continually increasing motion during their 
fell 

Thus, a body projected up perpendicularly into the air, if not influenced by 
the resistance of the air, would rise to a height exactly equal to that from 
which it must have fallen to acquire a final velocity the same as it had at 
the first instant of its ascent 

110. To determine the height to which a 
body projected upward will rise, with a given 
velocity, ascertain the height from which a 
body would fall to acfquire the same velocity. 
The answer in one case will be the answer in 



Hoir can we 
determine the 
height which a 
body projected 
upward with a 
given Telocity 
willaaoend? 



the other. 



How do the 
times of atoent 
and descent 
oomiMure? 



111. The time, also, which the ascending 
body would require to attain its greatest 
height, would be just equal to the time it 
would require to fall to the ground from that height. 

The following table exhibits an analysis of the motions of a falling body; 
the spaces passed over in each interval of time of falling, increasing as the 
odd numbers 1, 3, 6, 7, 9, etc. ; the velocities acqtiired at the end of each m- 
terval increasing directly as the times ; and vhe whole space passed over bemg 
as the squares of the times. 



NnmberofSseond* 

in the Fall, counted 

from A Ststa of 

ResU 


Spiiees lUIen 

throtiffh in each 

•QccMrfTe S«wnd. 


Velocities acquired 

attheEmTof 

Number of Seconds 

expressed in First 

Column. 


Total Height fallen 
throaffh from R«st 
in the Number of 
Seconds ezpreaaed la 
First Column. 


10 


1 

8 

ft 

T 

9 

11 

18 

15 

17 

19 


8 

4 
« 
8 
10 
1% 
14 
1« 
18 

ao 


1 
4 

9 
16 
S5 

se 

49 

64 

81 

100 



Where extreme accuracy is not required, most of the problems connected 
with the descent of falling bodies^ may be worked with great readiness — 16 
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feetk tiie space passed through by a fiOling body in one aeoond, being taken 
as the common multiple of distances and velodtiea. 

ThuS) to ascertain the height from which a body would fall in 6 seconds, 
take in the fourth column of the table the number opposite 5 seconds, whyi 
is 25, and multiply it by 16; the product, 400, will be the height required. 
Probl£fms of this character may also be worked by the rule given (g 107). 

In the same manner, if it be required to determine the space a falling body 
would descend through in any particular second of its motion, as, for exam- 
ple, the 5 th second, we take in the second column of the table the number 
opposite five seconds, which is 9, and multiply it by 16 ; the product, 144, is 
the space required. 

In like manner, if it be required to determine with what velocity a body 
would strike the ground after falling during an interval of 5 seconds, we take 
the number in the third column of the table opposite 5 seconds, which we 
find to be 10, and multiply this by 16. The product, 160 feet, will be the 
Telocity required; and a body thus falling for 5 seconds would have, when 
it strikes the ground, a velocity of 160 feet ^^ ' ' 

What wm be ^ ^^^' ^^ ^ tody, instead of felling perpen- 
theyciodtyof dicularlv, be made to roll down an inclined 

a body faUing _ //. /.•• i i- •! 

down an in. plane, froc irom inction, the velocity acquired 
at the termination of its descent, will be equal 
to that it woiild acquire in falling through the perpen- 
dicular height of the inclined plane. 

Fia. 28. Thus, the velocity acquired in rolling down the whole 

length of A B, Fig. 28, is equal to that it would acquire 
by &lling down the perpendicular height A GL 
- 113. The great Italian philosopher Gahleo, during the 
^g early part of the 17th centuiy, had his attention directed, 
while in a church at Florence, to the swmging of the 
chandeliers suspended from the lofty ceiling. He noticed tnat when they 
How, and by ^^^ moved from their natural position t)y any disturbing 
whom was tha cause, they swung backward and forward in a curve, for a 
Syered ?* ^^"^ *^™®» ^^ ^^^ ^S^^^ Uniformity, rising and falling alter- 

nately in opposite directioDS. His inquiry toto the cause of 
the83 motions led to the invention of the pendulum, the tneoiy of which may 
be explamed as follows : 

Explain the ^^^ ^^ bodies wiU have their motion as much accelerated 

theory of the whilst descending a curve, as retarded whilst ascending. Let 
pendalum. A B be a curve. Fig. 29. If a -, 

ball be placed at 0, the attraction of gravitation * 

will cause it to descend to A, and in so doing it 
will acquire velocity suflScient to carry it to B, 
all opposing obstacles being removed, such as 
friction and resistance of the air. Gravitation 

8* 
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Hoir do the 
timet of the vi- 
brationi of a 
pendulnm com- 
pare with each 
other? 




will onoe more bring it down to A ; it will then rise again to G, and lo oooi- 

tinue to oscillate backward and forward. 

If we now suspend the ball by a string, or 
wire, in such a manner that it will swing 
freelj, its motions will be the same as that 
of the ball rolling upon the curve. A body 
thus suspended is called a Pendulum. In 
Fig. 30, D G, the part of the circle through 
which the pendulum moves, is called its arc^ 
and the whole movement of the ball from D 
to C is called an oaciUatMn, 

115.The times of the 

vibrations of a pen- 

dulum, are very nearly 

equal, whether it 
moves much or little ; or, in 
other words, through a greater, or less part of its arc. 

th ^*^® reason that a large vibration is performed m the same 

reuon"of thi« time as a small one, or, in other words, the reason the pendu- 
'■^' lum always moves faster in proportion as its journey is longer, 

is, that in proportion as the arc described is more extended, the steeper are 
the declivities through which it &lls, and the more its motion is accelerated. 
Thus, if a pendulum, Fig. 30, begins its motion at D, the accelerating force is 
twice as great as when it is set free at h ; and if we take two pendulums of 
equal lengths, and liberate one at D and another at b at the same time, they 
will arrive at the same moment at £. 

116. This remarkable property of the pendulum enables us 
to employ it as a register, or keeper of time. A pendulum of 
invariable length, and in the same location, will always make 
the same number of oscillations in the same time. Thus, if 
we arrange it so that it will oscillate once in a second, sixty 
of these oscillations will mark the lapse of a minute, and 3,600 an hour. 

A common clock is, therefore, merely an arrangement for 
moiTclo^?™" registering the number of oscillations which a pendulum 
makes, and at the same time of communicating to the pendu- 
lum, by means of a weight, an amount of motion suflftcient to make up for 
what it is continually losing by friction on its points of support, and by the 
resistance of the air. 

The wheels of the clock turn round by the action of the weight, but they 
are so connected with the pendulum, that with every double oscillation a tooth 
of the last wheel is allowed to pass. I^ now, this wheel has thirty teeth, as 
is common in docks, it will turn round once for every sixty vibrations. And, 
if the axis of this wheel project through the dial-plate or face of a clock, with 
a hand fastened on it, this hand will be the second hand of the clock. The 
other wheels are so connected with the first, and the number of teeth so pro- 



Hoir 2oe8 this 
property of the 
pendulum en- 
able Us to reg- 
ister time? 
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portioned, that the ■econd one tarns mxty times slower than the flrst^ and 
this will be the minute hand ; a third iHieel moving twelve times slower than 
the last will constitate the hour hand. 

Hoir does a A watch differs fix>m a dock hi having a 9i5ra(tfV leAeel fai. 
watch differ B^iead of A vibrating pmdtUmm. This wheel, called the 6aftifi«0- 
fromadockr ^^^ is moved by a aprwv, which is always forcing H to a 
middle position of rest, but does not fix it there, becanse the velocity ao- 
Fio. 31. quired during its approadi from 

either side to the middle positioi^ 
carries it just as fhr past on th» 
other side, and the spring has to 
begm its work again. Jlie bah 
anee^ohed at each vibration allows 
one tooth of the adjoining wheel to 
pasB^ as the pendulum does fai a dock, and the record of the beats is pre- 
served by the wheels which follow, as already explahied for the dodc. 

Fig. 31 represents the arrangement used to keep up the motion in a watdL 
The barrel, or wheel A, indoses a spring, which, when compressed by wind- 
ing up^ tends to liberate itself| or unwind, in virtue d its elasticity. This 
effort to unwind, turns the barrel upon its axis, and thus, by means of a chain 
coiled round it^ motion is communicated to the other wheels of the watch. 

-What infln- ^^'^' ^^® length of a pendulum influences 
enoe^hM th^ the time of its vibration ; the longer the pen- 
daium on its dulum the slowoF are its vibrations. 

tionr The reason why long pendulums vibrate more slowly than 

short ones is, that in corresponding arcs, or paths, the ball of 
the long pendulum has a greater journey to perform, without having a steeper 
line of descent 

What te the ^^^' ^^^® *^® * pendulum rod, Fig. 32, A D, having balls 

eenter of oscn- upon it at C and D, and cause it to vibrate, the ball, B, being 
dSSJm ?* ^^ nearer to the point of suspension, wfll tend to perform 
its oscillations more quickly than the ball C. In like 
manner, every other point on the pendulum rod tends to coirplete its ^ 
oscillations in a different time ; but as they are all connected together 
inflexibly, all are compelled to perform their oscillations in the same 
time. But the action of the portions of the rod near to the ball, B, 
is to accelerate the motion of the pendulum, and the action of the j|(^ 
portions of the rod near to the ball C, is to retard it ; therefore a point 
may be found where all these counteractions will balance one an- 
other, or be neutralized, and this point is termed the Center op Os- 
cillation, and the sum of the momenta of all the portions of the (j A 
rod on each side of this point wfll balance. The center of oscillation 
does not correspond with the center of gravity, but is always a littie 
below it ; the practical method of bringing them near together, is to 
make the rod lights and the termination of the pendulum heavy. ^ ^ 



60 



WELLS'S NATURAL PHILOSOPHY. 



Why do clocks 
go faster in 
winter than in 
summer? 



How are the 
changes in the 
length of pen- 
dulums coun- 
teracted? 



119. As heat expands, 'and cold contracts 
all metals, a pendulum rod is longer in warm 
than in cold weather ; hence, clocks gain time 

in winter, and lose in the summer. 

As the smallest change in the length of a 
pendulum alters the rate of a dock, it is highl/ 
important, for the maintaining of uniform time, 
that the expansion^ and contraction of pendu- 
lums, caused by changes in temperature, 
should be counteracted. For this purpose various contriv- 
ances have been employed. The one most commonly em- 
ployed at the present time is the mercurial pendulum, which 
is constructed as follows : The pendulum rod, A B, Fig. 33, 
supports a glass jar, G H, containing mercury, inclosed in a 
steel frame-work, F C D E. When the weatii^ is warm, the 
Fia. 34. ^^^ ^^ ^^^ frame-work expand, and thus in- 
crease the length of the pendulum, and de- 
press the center of oscillation. But, at the 
same time, the mercury contained in the jar also 
expands, and rises upward; and thus, by a 
proper adjustment, the center of osdllation is 
carried as far upward in one direction, as down- 
ward in the opposite direction, or the expansion 
in both directions is equal, and the vibrations 
of the pendulum remain unaltered. Another form of penda« 
lum, called the " gridiron pendulum," Fig. 34, is composed of 
rods of different metals, which expand unequally under the same 
changes of temperature, and, by counteraction, keep the length 
of the pendulum constant. 

120. As the force of gravity determines how 
long the pendulum shall he in falling down its 
arc, and the time also of its rising in the op- 
posite direction (since the hall of the pendu- 
lum, as already stated, may be considered as a body de- 
scending by its weight on a slope), it follows, that the time 
of vibration of a pendulum will vary as the attraction of 
gravity varies. 

The same pendulum will vibrate more slowly at the equa- 
tor than at the poles, because the attraction of gravitation is 
less powerful at the equator. Therefore a pendulum to vi- 
brate once in a second, must be shorter at the equator than 
at the poles. Correspondinor results take place when a pen- 
dulum is carried to a mountain-top, away from the center of the earth, which 





HoTT do the 
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18 the center of attraction, or when cairied to the bottom of a mine, where 
it is attracted both bj matter above it and below it 

whAi is the l^l* ^^® length of a pendulam that will 
OT^^**Jii^ describe sixty oscillations in a minute, each 
*"™' oscillation having the duration of a second, 

is, in the latitude of Greenwich, England, 39.1393 inches 
in length ; one to vibrate in half seconds must measure 
t.7848, or rather more than 9 J inches. 

. At the pole it would require to be aomewhat longer ; at the equator some- 
what shorter. A pendulum that vibrated seconds at Paris, was found to re- 
quire lengthening .09 of an inch in order to perform its vibrations in the same 
time at Spitzbergen. 

How may the 122. The Icugth of a pendulum vibrating 
^n^^^^^^n. seconds being always invariable at the same 
iTrtlSdirt?" place, since the attraction under the same 
mewaier circumstanccs is always the same, it may be 
used as a standard of measure. 

This application has already been described under the section Weight (§ 67). 

The duration of the oscillation of a pendulum is not affected by altering the 
weight of the ball, smce all bodies moving over the same space, under the 
influence of gravitation, acquire equal velocitiea 

Hoir do the ^^3* ^^^ lengths of different pendulums, 
dS?^?iblSl vibrating in unequal times, are to each other 
i£S«(^m^S as the squares of the times of their vibration. 

Thus a pendulum, to vibrate once in two seconds, must 
have four times the length of one that vibrates once in one second ; to vibrate 
once in three seconds, it must have nine times the length, etc. — ^the duration 
of the oscillation being as the whole numbers, 

1, 2, 3, 4, 5, 6, 7, 8, 9. 
The length of the pendulum will be as their squares. 

1, 4, 9, 16, 25, 36, 49, 64, 81. 
A pendulum, therefore, that will vibrate once in nine seconds, must have 
a length of 81 times greater than one vibrating once in one second. 

PRACTICAL PROBLEMS ON THE THEORY OF FALLING 
BODIES. 

1. A stone let fall from the top of a tover struck the earth in tiro seooods ; hov high 
iras the tower ? ^/^ 

2. Hoir far will a hody acted upon hy gra-dty alone, fall in ten seconds ? "^ < t '^. 

3 How deep is a well, into which a stone heing dropped, reaches the snrfaoe of the 
water in two seconda, the depth of the water in the well being ten feet? J^ C 
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4. If a body be projected downward witih a Telod^ of twentj-two feet in the fink ne- 

pnd of time, how far will it fall in eight ewxndnle.-'A^^^nj ^=7^^:=r , 

6. What spaee will a body pass through in the fonrth second of its time of falling t / / . 
0. A body fans to the ground in eight seconds ; bow large a space did it pass over dur- 
ing the last second of its descent f y t-^ ^ t^ y 

7. A body lalls from a height in eight seconds; with what Teiodfy did It strfka fha 

gronnd f 

8. A cannon-ball fired upward, continued to rise for nii^e seconds; what was itsrelodt^f 
during the first seoondf or with what force was it projected f 

9. Suppose a bullet fired upward from a gun returned -to the earth in dzteea seoondsf 

how high did it ascend ? /^ ' / ^ 

The time occupied In aaoendlng and descending being equal, the body rose to such a 
height that it required eight seconds to descend from it The square of 8=64. This 
multiplied by the space it would fall in the first second, 16 feet s^i^iA feet i > -^^ v^ 

10. A bird was shot while flying in the air, and fell to the ground in three seconds. 
How high up was the bird when it was shot f / ; 

11. What must be the length of a pendulum to vibrate once in seren seconds f 

12. If the length of a pendulum to ribrate seconds at Wasliii^;ton is 39.101 inehaa, how 
long must it be to vibrate half seeonds f How long to vibrate quarter seconds t 



What is Mo- 



CHAPTER V. 

MOTION. 

124. Motion is the act of changing place. 

tlon f If no motion existed, the universe would be dead. There 

would be no alternation of the seasons, and of day and night ; no flow of 
water, or change of air; no sound, light, heat, or animal existence. 

125. Motion is Absolute or Relative. 
solute and Rei. ABSOLUTE MoTiON Is a change of position in 

ative Motion? ., , 'xi^ i. r x 

space, considered without reference to any 
other body. Relative Motion is motion considered in 
relation to some other body, which is either in motion or 
at rest. 

Thus the motions of the planets in space are examples of Absolute Motion, 
but the motion of a man sitting upon the deck of a vessel, while sailing, is 
an example of Helative Motion, since he is in motion as respects the land, 
but at rest as regards the parts of the vessel. Rest, which is the opposite 
of motion, so far as we know, exists only relatively. We say a body on the 
surface of the earth is at rest, when it maintains a constant position as re- 
((ards some other body ; but at the same time that it is thus at rest, it partakes 
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of the motion of the esrth, which is alwajs rerolTing. We do not^ therefore^ 
really know any body to be in a state of absolute rest 

Define uni- 126. A moving body may have a Uniform 
^to Moula ^^ » Variable Motion. Uniform Motion is 
the motion of a body moving over equal 
spaces in equal times. Variable Motion is the mo- 
tion of a body moving over unequal spaces in equal 
times. 

What fa Ae. 127. When the spaces passed over in equal 
StoJdId Mo^ tiraes increase, the body is said to possess Ac- 
^^""^ OELERATEn MoTioN ; when they diminish, the 

body is said to possess Retarded Motion. 

A stone foiling through the air is an example of Acoelerated Motion, shice^ 
acted upon hy the force of gravity, its rate of niotion oonstantlj increases; 
wiiile the ascent of a stone projected from the hand, is an example of Re- 
tarded Motion, its upward motion oontinuallj decreasing. 

whAttePower 128. When a body commences to move from 
Slf ^^"^^ a state of rest, we assign some force as the 
cause of its motion ; and a force acting in such 
a manner as to produce motion, is generally termed 
" Power/' On the contrary, a force acting in such a way 
as to retard a moving body, destroy its motion, or drive 
it in a contrary direction, is termed Resistance. The 
chief forces which tend to retard or destroy the motion of 
a body are Gravitation, Friction, and Resistance of 
the Air. 

What it ve- 129. The speed, or rate, at which a body 
***^*3^' moves, is termed its Velocity. 

UoYing bodies pass over their paths with different degrees of speed; one 
may pass through ten feet m a second of time, and another through a hun- 
dred feet m the same period. We say, therefore^ that they have different 
velocities. 

The Telocity of a moving body is estimated by the time it occupies in 
moving over a given space, or by the space passed over in a given time. Tho 
less the time and the greater the space moved over in that time, the greater 
, the velocity. 

Hoir do iro 130. To ascertaiQ the Velocity of a mov- 
vSSSfy of''! i°g body, divide the space passed over by the 
moving wody? ^jj^^ consumcd in moving over it. 
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Thus, if a body movea 10 miles in 2 honn^ its Telocity is Ibimd by di* 
Tiding the space, 10, by the time, 2 ; tiie answer, 6, giTes the Telocity per 
hour. 

How ean ire 131- To ascertain the Space passed over by 
;jJ2f**J«8i^d * moving body, multiply the velocity by the 
TiiXuf''^ time. ' t^. . x/ 

Thus, if the Telocity be 10 miles per hour, and the time 15 
hours, the space will be 10 multipUed by 15, or 150 miles. 

How in the 132. To ascertain the Time employed by a 

b^*a ^j?* to 1^7 ill motion, divide the space passed over 
ISLtTf"^" by the velocity. ; . 

Thus, if the space passed OTer be 160 miles, and the Te- 
locity 10 miles per hour, the whole time employed will be 150 dlTided by 
10=15 hours. 

What is Mo- 133. The Momentum of a body is its quan- 
mentumr ^j^y ^f motioD. Momcntum expresses the 
force with which one body in motion would strike against 
another. 

That a mass of matter moTing in any manner exerts a cer- 
"itomenuSn.**' *^ ^'^"^ against any object with which it may come in con- 
tact, is a principle of Natural Philosophy which experience 
teaches us most frequently and most readily. The child has hardly emerged 
from the nurse's arms, before it becomes conscious of the force with which 
it would strike the ground if it felL We take adTantage of momentum, or 
the force of a moTing body, in almost all mechanical operation& The moT- 
iug mass of a hammer-head driTes or forces in the nail, shapes the iron, breaks 
the stone ; the force of a moTing mass of water giTes strength to a torrent^ 
and turns the wheel ; the force of a moTing mass of air giTes strength to the 
wind, carries the ship OTor the ocean, forces round the arms of a wind-mill. 

It motton im- 134. When a body is caused to move, the 
thI**V*«cte» motion is not imparted simultaneously to 
the*B^^to- ^^^T particle of the body, but at first only to 
»•»«*' the particles which are directly exposed to the 

influence of the force — ^for instance, of a blow. From 
these particles, it spreads to the rest. 

How ca on '^ slight blow IS sufficient to smash a whole pane of glass, 
iUastrate this while a bullet from a gun will only make a small round hole 
^^^^ in it, because, in the latter case, the particles of glass that re- 

ceive the blow are torn away from the remainder with such rapidity, that the 
motion imparted to them has no time to spread further. A door standing open, 
which would readily yield on its hinges to a gentle push, is not moTed by a 
cannon-ball paasiug through it The ball, in passing through, overcomes ib% 
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who]e force of eohesion among the atoms of wood, but Mb force acts for so 
short a time, owing to its rapid passage, that it is not safBcient to affect the 
inertia of the door to an extent to produce motion. The cohesion of the part 
of the wood cat out hj the ball woold have borne a verj great weight laid 
qoietly upon it; but supposing the ball to flj at the n^te of 1200 feet in a 
second, and the door to be one inch thick, the cohesion being allowed to act 
for only the minute fraction of a second, its influence is not perceived. 
. It is an effect of this same principle, that the iron head of a hammer may be 
driven down on its wooden handle, by striking the opposite end of the 
handle against any hard substance with force and speed. In this reiy simple 
operation, the motion is propagated so suddenly through the wood of the han- 
dle^ that it is over before it can readi the iron head, which therefore, by its 
own inertia, sinks lower on the handle at every blow, which drives the han- 
dle up. 

How ii the Mo- ^35. The Momentum, or force, \?hich a mov- 
SS^y^^cdL- i°g hoAy exerts, is estimated by multiplying 
^****' its mass or quantity of matter by its velocity. 

Thus, a body weighing 10 pounds, and moving with a velocity of 500 feet 
in a second, will have a momentum of (10X500) 5,000. 

What eomiee. ^^' ^^^ vclocity bciug the Same, the mo- 
£twMn **»! i^^iitum, or moving force of a body, will be 
J^omentMQ^of dircctly proportionate to the mass, or weight ; 
jrd^kMdve- and the mass or weight remaining the same, 
the momentum will be directly proportionate 
to the velocity. 

Thus, if 2 leaden balls, each of 5 pounds* weight, move with a velocity of 
5 miles per minute, the momentum, or striking force of each, will be 25 ; 
if now the two balls, molded into one of 10 pounds* weight, move with the 
same velocity of 5 miles per minute, the momentum, or striking force, will 
be 50, since with the same velocity the mass, or weight, will be doubled. I( 
on the contrary, we double the velocity, allowing the weight to remain the 
same, the same effect will be produced ; a ball of 5 pounds, with a velocity 
of 5, will have a momentum, or striking force^ of 25 ; but a bail of 5, with a 
velocity of 10, will have a momentum of 50. 

How can a 137. A Small, or light body, may be made 
S^tLte*L!de *^ strike with a greater force than a heavier 
Mmefomul body, by giving to the small body a suflBcient 

large one t volocity. 

Illustrations of these principles are most &miliar. Hail-stone^ of small 
mass and great velocity, strike with sufficient force to break glass, and de- 
stroy standing grain ; a ship of huge mass, moving with a scarcely percept* 
SUe velocity, crushes in the side of the pier with which it comes in contact. 
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SECTION I. 

ACTION AMD BIAOTIOV. 



What is meant 



138. When a body communicates motion 
by Aitton'S^' to another body, it loses as much of its own 
momentum, or force, as it gives to the other 
body. We apply the term Action to designate the power 
which a body in motion has to impart motion, or force, to 
another body ; and the term Reaction to express the 
power which the body acted upon has of depriving the 
acting body of its force, or motion. 
What la the 139. There is no motion, or action, in the 
JSioniSdaSf universe without a corresponding and oppo- 
actioa ? gji-Q action of equal amount ; or, in other words, 

Action and Reaction are always equal and opposed to 
each other. 

What ftre H- ^^ * person preflsea the table with his finger, he feels a re- 
inatrationa of sistanoe arising from the reaction of the table, and this ooim- 
A©tiOT^andRe- ter-pressure is equal and contrary to the downward pressure. 
When a cannon or gun is fired, the explosion of the powder 
which gives a forward motion to the ball, gives at the same time a backward 
motion, or " recoiV* to the gun. A man in rowing a boat, drives the water 
astern with the same force that he impels the boat forward. 

Toirhattethe 1^0. The quantity of motion in a body is 
Son'^in' a mcasurcd by the velocity and the quantity of 
SjSte?~^" matter it contains. 

A cannon-ball of a thousand ounces, moving one foot per 
second, has tiie same quantity of motion in it as a musket-ball of one ounce, 
leaving the gun with a velocity of a thousand feet per second. The momen- 
tum, or quantity of motion, m the musket-baU being, however, concentrated 
in a very small mass, the efiect it will produce will be apparently much 
greater than that of the cannon-ball, whose motion is diffused through a veij 
large mass. This explanation will enable us to understand some phenomena 
which at first appear to contradict the law, that action and reaction are always 
equal, and opposed to each other. 

Thus, when we fire a bullet fix>m a gun, the gun recoils back with as much 
force as the bullet possesses, proceeding in an opposite direction. The reason 
the effects of the gun are not equally apparent with those of the ball, is that 
the motion of the gun is diffused through a great mass of matter, with a 
vnall velocity, and is, therefore^ easily checked ; but in the ball the motion 
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ifl oonoentr&ted in a Yeiysmall oompasa, with a great yelodtf. A gmi reooQt 
more with a charge of fine shot, or sand, than with a buUet The explanation 
of this iS| that with a ball the Telocity is oommunicated to the whole maaa 
ai once^ bnt with small shot, or sand, the Telocity communicated by the ex- 
plosion to iho9e partkka of (he atiheianeeimmediak^^ 

is greater than that reoelTcd at the same twtant by the avkr partieim; oon- 
wquently, a larger proportion of expioiiTe fiyroe acts momentarily in an oppo> 
lUe direction. 

Fia. 36. 



\ 




We haTe an iUustradon of this same principle, when we attempt to driTC a 
nail into a board haTing no support behind it, or not sufficiently thick to offer 
the necessary resistance to the moTing force of the hammer, as is repre- 
sented in Fig. 35. The blows of the hammer will cause the board to unduly 
yield, and if strong enough, will break it, but will not drire in the nail The 
object is attamed by applymg behind the board, as in Fig. 36^ a block of wood| 

Fia. 36. 
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or metal, against which the blows of the hanuner wiU be directed. Isy 
adopting this plan, however, no increased resistance is opposed to the blows 
of the hammer, the momentum, or moving force of which is equally imparted 
in both cases ; but in the first case, the momentum is received by the board 
alone, which, having little weight, is driven by it through so great a space 
as to produce considerable flexure, or even fracture ; but in the second case^ 
the same momentum being shared between the board and the block behind it, 
will produce a flexure of the board as much less as the weight of the board 
and block applied to it together, is greater than the weight of the board alone. 
• The same principle serves to explain a trick sometimes exhibited in 
feats of strength, where a man in a horizontal position, his legs and 
shoulders being supported, sustains a heavy anvil upon his chest, which 
is then struck by sledge-hammers. The reason the exhibitor sustains no 
injury from the blows, is that the momentum of the sledge is distributed 
equally through the great mass of the anvil, and gives to the anvil a down- 
ward motion, just* as much less than the motion of the sledge, as the mass d 
the sledge is less than the mass of the anvil. Thus, if the weight of the an- 
vil be 100 times greater than the weight of the sledge, its downward motion 
upon the body of the exhibitor will be 100 times less than the motion with 
which the sledge strikes it, and the body of the exhibitor easily yielding to 
so slight a movement, and also resistmg it by means of the elasticity of the 
body, derived fh>m its peculiar position, escapes without injury. 

When ii the 141. When two bodies come in contact, the 
S!lMS?°B2d to collision is said to be direct, when a right line 
be direct f passing through their centers of gravity passes 
also through the point of contact. 

The center of gravity m such cases corresponds with the center of col- 
lision ; and if such a center come against an obstacle, the whole momentum 
of the body acts there, and is destroyed; but if any other part hit, the body 
only loses a portion of its momentum, and revolves round the obstacle as a 
pivot, or center of motion. 

When two In- 142. When two non-elastic bodies, moving 
w^faito^ i^ opposite directions, come into direct collision, 
M^n,wh«toe. they will each lose an equal amount of mo- 
mentum. 

Hence, the momentum of both after contact, will be equal to the difference 
cf the momenta of the two before contact, and the velocity after contact will 
be equal to the difference of the momenta divided by the whole quantity of 
matter. Let the quantity of matter in A be 2, and its velocity 12 ; its mo- 
mentum is, therefore, 24. Let the quantity of matter in B be 4, its velocity 
3 ; its momentum will be 12. The momentum of the mass after contact, on 
the supposition they move in opposite directions and come in direct col- 
lision, will be the difference of the two momenta^ or 12 ; and the velocity of 
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FiQ. 37. 



To what wffl 
th« shock of 
eoUirionoftwo 
Iwdies coming 
in contact be 
equiyalentf 



the maas will be its momentam divided by the quantity of matt^ or 13 di- 
vided by 6, which is 2.* 

If two non-elastic bodies, as A and B, Fig. 37, be suspended from a fixed 
point, and the one be raised toward T, and the other toward X, an eqnal 
amount, they will acquire an equal foroe, or momentum, in falling down the 
Expiainthere. "^ P">vided their masses are equal; 
■Hits of the col- and will by contact destroy each 
S^lSdle^*^ other's motion, and come to rest. 
If their momenta are unequal, they 
will^ after contact move on together, in the direction 
<^ the body having the lai^gest quantity of motion 
with a momentum equal to the difierence of the 
momenta of the two before collision. 

/;;143. The force of the 
shock produced by two x y 

equal bodies coming in*^^^^^^^^^^ 
contact with equal velocity, *'•«•%«** 
will be equal to the force which either, being at rest, would 
sustain, if struck by the other moving with double the 
velocity ; for reaction and action being equal, each of the 
two will sustain as much shock from reaction as from ac- 
tion. 

If a person running, come in contact with another who is 
principle. Standing, both receive a certain shock. If both be running 

at the same rate in opposite directions, the shock is doubled. 
In combats of pugilists, the most severe blows are 
those struck by fist against fist, for the force sustained 
by each in such cases, is equal to the sum of the 
forces exerted by the two arms. If two ships, mov- 
ing in contrary directions at the rate of 20 miles per 
hour, come in collision, the shock will be the same as 
if one of them, being at rest, were struck by the 
other, moving at 40 miles per hour. 

144. If we suspend two balls of 

some non-elastic substance, as clay or ' 

putty, by strings, so that they can 

move freely, and allow one of the 

balls to fall upon the other at rest, it will communicate to 
it a part of its motion, and both balls, after collision, will move on together. 



Fia. 38. 



Ifoneinelastie 
bodj comes in 
eontaet with 
another at rest, 
whatooeun? 




* This whole saliifeet, i»na]l]r considered dry and uninteresting, will be foond to i 
a new interest, if the student will make himself a few simple experiments, by suspending 
leaden balls by the side of a graduated are, as in Fig. 87, and allow them to fall under 
different conditionc. The length of the are through which they faU iHll be found to be 
I of the force with which they wiU strike. 
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The quantity of motion will remain nnchanged, llie one having gained em 
much as the other has lost ; so that the two^ if equal, will have half the ve- 
locity after collision that the moving one had when alone. Fig. 38 represents 
two balls of clay, E and D, non-elastic, of equal-weight, suspended by stiinga 
If the ball D be raised and let fall against the ball £, a part of its motion will 
be communicated to E, and both together will move on to e d 
When tiro 1^^* ^ ^^ suspend two balls, A and B, Fig. 3d, of some 

eome*into«Su ®^*^*^ Substance, as ivory, and allow them to ML with equal 
lision, whatoch masses and velocities finom the points X and Y on the arc; 
*°"' they will not come to rest after oolliaion, but will recede 

finom each other with the same velocity which eadi Jiq, 39. 

had before contact 

The reason of this movement in 
^ShTdif. ^«^^y ®^»stic bodies, contrary to 
ference in the what takes place in non-elastio 
eSliKion^ of ^ bodies, is this: the elastic sub- 
•Ustieand non. stances are compressed by the force 
of the shock, but mstantly recover- 
ing their former shape in virtue of their elasticity, 
they spring back, as it were, and react, each giving 
to the other an impulse equal to the force which 
caused its compression. 

Suppose the ball A, however, to strike upon the 
ball B at rest ; then, after impact, A will remam at 

rest, but B will move on with the same velocity as A had at the moment of 
contact In this case the reaction of elastidty causes the ball A to stop, and 
the ball B to move forward with the motion which A had at the instant of 
contact 



Pig. 40. 



The same fact may be illustrated 
by suspending a number of elastic 
balls of equal weight, as represented 
in Fig. 40. If the ball H be drawn 
out a certain distance, and let fall 
upon G, the next in order, it will 
communicate its motion to G, and 
receive a reaction fixHn it, which will 
destroy its own motion. But the 
ball B can not move without moving 
ji £C nilFG F; it will, therefore, communicate 

the motion it received from G to F, and receive from F a reaction which will 
stop its motion. In Uke manner, the motion and reaction are received by each 
of the balls E, D, C, B, A, until the lafit ball, K, is reached ; but there being 
no ball beyond K to act upon it, K will fly off as &r fixxn A, as H was 
drawn apart from G. 
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In what 

ner may » 

moTing bodj 



What Ifl the 
Ans^ of Ind- 
df 



What !• the 
Angle of Be- 
liecfcionr 



BBVLBCTBD MOTIOV. 

What li Be- 1^3- When any elastic body, as an ivory 
fleeted Motion f ^ysM^ is thfown against a hard smooth surface, 
lae reaction will cause it to rebound from such surface, 
and the motion it receives is called Beflected MoTioy. 

147. If the ball be projected perpendicu- 
larly, it will rebound in the same direction ; 
if it be projected obliquely, it will rebound 

obliquely in an opposite direction, making the angle of 
incidence equal to the angle of reflection. 

148. The Angle of Incidence is the angle 
formed by the line of incidence with a perpen- 
dicular to any given surface. 

149. The Angle of Beflectiok is the 
angle formed by the line of reflection with a 
perpendicular to any given surface. 

Thufly in Fig. 41, let B E be a smooth, flat 

flur&oe. If the ball, A, be projected, or thrown 

y upon this 8ur&oe^ in the direction A C, it will 

rebound, or be reflected, in the direction F. 

In this case, the line A C is the line of ind- 

denoe, and the angle A D, which it makes 

with a perpendicular D G, is the angle of inci- 

denca In like manner the line G F is the line 

of reflection, and the angle D G F the angle of 

reflection. If the ball be progected against the surfiioe, B G, m the direction 

D G, perpendicular to the surboe^ it will be reflected, or rebound back in the 

same straight line. 

What propw. 150. The Angles of Incidence and Be- 
twMa the an- FLECTION aic always cqual to one another. 

S^^S^^ ^^ ^ Fi& ^li the angles A G Dand F G Dare equal. 

What is an ^^l* -^^ Angle is simply the inclination of 
iS^af^dS *^® ^^^^ which meet each other in a point, 
itaiiaed^eiidf The sizo of the angle depends upon the open- 
ing, or inclination, of the Unes, and not upon their length* 
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if t7^* ***"u ^® ®^^ ^^***® player of billiards and bagatelle depends 
of the Game of ^pon his dextefx)us application of the. principles of incident 
Billiards f g^^ reflected motion, which he has learned by long-continued 

experience, viz., that the angle of incidence is always equal to the angle 
of reflection, and that action and reaction are equal and contrary. An illus- 
tration of the skillflil reflection of billiard balls is given in Fig. 42, which rep- 
resents the top of a billiaid-tabla The ball, P, when struck by the stick, Q, 

Fig. 42. 




is first directed in the line P 0, upon the ball P', in such a manner, that being 
reflected from it, it strikes the four sides of the table successively, at the points 
marked 0, and is finally reflected so as to strike the third ball, P''. At each 
of the reflections fix>m the ball P', and the four points on the side of the tables 
the angle of incidence is exactly equal to the angle of reflection. 

152. Imperfectly elastic bodies oppose the 
momentum of bodies in motion more perfectly 
than any others, in consequence of their yield- 
ing to the force of collision without reacting ; 
opposing a gradual resistance instead of a sud- 
den one. 

Hence a feather-bed, or a sack of wool, will stop a bullet much more ef> 
fectually than a plate of iron, from its deadening^ as it is popularly called, the 
force of the blow. 



Vhj 
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COMPOUND MOTION. 



What is Sim- 
ple Motion ? 



153. A body acted upon by a single force, 
moves in a straight line, and in the direction 
of that force. Such motion is designated as Simple Mo- 
tion. 
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tartrate Sim- "^ ^^^ floating upon the water is driven exactlj sooth hy 
pie Motion. a wind blowing south. A ball fired fix)m a oannon takea the 
exact direction of the bore of the cannon, or of the foroe 
which impels it 

whJtti.eom- 154. When a body is acted upon by two 
pound Motion? forces at the same time, and in different di- 
rections, as it can not move two ways at once, it takes a 
middle course between the two. Such motion is termed 
Compound Motion. 

What IB the ^^^' '^^^ course in which a body, acted 
bS'^ti'a * ^P^"^ ^y *^^ ^^ ^^^ forces, acting in different 
on b7 bro dircctious, will move, is called the Besultant, 
or the Besultmg Direction. 

Fig. 43. ^ ^- *3, if a body, A, be acted npon 

at the same time by two forces, one of 
which would cause it to more in the di- 
rection A Y, over the space A B, in one 
second of time, and the other cause it to 
move in the direction A X, over the space 
A 0, in one second; then the two forces^ 
acting upon it at the same mstant, will 
cause it to move in a Resultant Direction, 
A D, in one second. This direction is the 
diagonal of a parallelogram, which has for its sides the lines A B, A 0, oyer 
which the body would move if acted upon by each of the forces separately. 
,—.. 156. The operations of eveiy-day life afford numerous exam- 

mUiar Exam- ples of Resultant Motion. If we attempt to row a boat across 
^Mo^?*" * ^V^^ river, the boat will be subjected to action of two forces ; 
viz., the action of the oars, which tend to drive it across the 
river in a certain time, as ten minutes, in a straight line, as firom A to B, Fig: 
43, and the action of the current, which tends to carry it down the stream a 
certain distance in the same time, as fix>m A to G. It will, therefore, under 
the influence of both these forces, move diagonally across the river, or m the 
direction A D, and arrive at D at the expiration of the ten minutes. When 
we throw a body from the deck of a boat In motion, or from a railroad cai^ 
the'body partakes of the motion of the boat or the car, and does not strike aC 
the point intended, but is carried some distance beyond it For the same nth 
son, in firing a rifle from the deck of a vessel moving rapidly, at some object 
at rest upon the bank, allowance must be made for the motion of the vessel, 
and aim directed behind the object 

-^^i^' 157. The principles of the composition and 

sdenoeofpro- rcsolutiou of different forces acting upon a 

body to produce motion^ constitute the basis 
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of the SciENOS of Projectiles, or that department of 
Natural Phflosophy which considers the motion of bodies, 
thrown or driven by an impelling force above' the surface 
of the earth. 

What toft Fro. ^^' A Pbojsctils is a body thrown into 
^^'*^^ the air in any direction ; as a stone from the 
hand, or a ball from a gun, or cannon. 

What is tfa« dl* ^ ^® project a body perpendicularly downward, or upward, 
nefcioii of • it will move in a perpendicular line with a uniform accelerated 
SSoel^r^ or retarded motion, since the force of gravity and that of pro- 
jection are in the same line of direction. But if a body is 
thrown in a direction oblique to the perpendicular, it is acted upon by two 
forces,* the projectile force which tends to impel it forward in a straight line, 
and the force of gravity, which tends to bring it to the earth. Instead, there- 
Ibre, of following the direction of the projectile force, the path of the body 
will be a curve, the resultant of the two forces. Such a curved called a 
Paiubola. 

If a cannon-ball is fired fit>m A to- 
ward B, Fig. 44, in an upward direction, 
instead of moving along the line A B, 
it is, by the influence of the earth's at- 
traction, continually drawn downward, 
and its path is along a line whidi is in- 
dicated by the paraboHc curve A G; 
and although it has been moving on- 
ward from the impulse it has received 
from the force of the gunpowd^, it oo 
cupies exactly the same time in fitlling 
to the point G, as if the ball had been Allowed to drop from the hand at A, 
and fell to D. 

159. If a hall he projected from the mouth 
of a cannon in a horizontal direction, it will 
reach the earth in precisely the same time as 
a hall dropped from the mouth of the gun. The force 
of gravity is neither increased or diminished hy the force 
of projection. 

The same &ct may be strikingly illustrated by placing a number of marblea 
at unequal distances from the edge of a table and sweeping them off with a 
ruler, or stick : those which are rolled along the fiurthest* will be projected tbe 
farthest; yet all will strike the floor at the same time. 

* The fheoratleal Utwt govemiiig fhB motion of projeetilw, m hareviCh gfrea, f i» 
fcacUce ewcntially modMtd by tkt tmUJaaaae of ttie air. 
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Fia. 45. Suppose from the point A, Fig. 45, about 340 feet 

above the earth, a ball to be projected in a peifectlj 
horizontal line, A B ; instead of trarenung this line, 
it would, at the end of the first second, be found 
that the ball had Men 15 feet» at the same time it 
had moved onward in the direction of B. Its true 
poffition would be^ therefore^ at a; at the end of the 
second seccmd, it would have passed onward, but 
have &Uen to 5, 60 feet below the horizontal line* 
and at the end of the third second, it would hav^ 
Men 135 feet below the line, and be at c; and thus 
it would move forward and reach the earth at d 240 feet, in jMredsely the i 
time it would have occupied in Ming from A to 0. 

An oblique, or horizontal jet of water, is an ^q, ^q, 

instance of the curve described bj a body act- 
ed uyoa. by gravity and the force of projection. 
See Fig. 46. 

^, , ^ 160. The Range of 
ggStitef ' * projectQe, is the 
horizontal distance to 
which it can be thrown. 

Hem can the ^^^' AcCOrding tO 

greatest when the angle 
of elevation is 46° ; and is the same for elevations equally 
above and below 45° ; as for example 70° and 20°. See 
Fig. 47. 

These conclusions are, however, found to 
be essentially modified in practice by the ^<>* ^^' 

resistance of the air, which not only changes 
the path but the velocity <^ the projectile^ 
With great velocities, as in the case of a 
caonon-ba]], the greatest range corres- 
ponds with an elevation of about 30^, but 
lor slow motions it is near 45^. 

162. The'laws of 
projectiles are es- 
pecially regarded in / 
the art of gunnery. 
By knowing the force of the powder which drives theball, 
the engineer is enabled to direct the cannon, or mortar. 




6=3 



£iw Bn the 
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eally applied 
in militaiy en- 
gineering f 




in such a manner as to cause the ball^ or bomb, to fall 
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upon a particular spot in the distance ; thus producing a 
desired effect without a wasteful expenditure of ammuni- 
tion. 

Fig. 4a 




Fig. 48 represents a bombardment, and the three lines indicate the curves 
made by the balls. If the bombardment had been conducted ttom an eleva- 
tion, instead of the level surface, the balls would have gone beyond the dty, 
as shown bj the &miliar fact, that we can throw a heavy body to a greater 
distance from an elevation, as the steep bank of a river, than on a plain, or 
level ground. It was on this principle that Napoleon bombarded Cadiz, at the 
distance of five miles, and from a greater elevation, the baUs could have been 
thrown to a still greater distance.* 

* The foDowlng fkcta respecting the ezplosire foree of gunpowder, and its application to 
projectiles, will be found interesting and instructire in this connection. The estimated 
Ibrce of gunpowder when exploded, is at least 14,760 pounds upon every square inch of 
the surface which confines it Count Rumford showed, by his experiments made about 
90 ]rears ago, that if the powder were placed in a close carity, and the cavity two thirds 
filled, its dimensions being at the same time restricted, the force of explosion would ex- 
ceed 150,000 pounds upon the square inch. 

The force of gunpowder depends upon the Cm^ that when brought in contact with any 
Ignited substance, it explodes with great Tiolenoe. A vast qnantitj of gat^ or ekuHeJluid, 
is emitted, the muUUn production of which, at a h^/h temperature^ is tiie cause of the 
violent efTects which are produced. 

The reason that gunpowder is manufactured in little grains, is that it may explode mors 
quickly, by facilitating the passage of the flame among the particles. In the form of dust^ 
die partides would be too compact. 

The velocity of balls impelled by gunpowder from a musket with a common charge, has 
been estimated at about 1,6S0 feet in a second of time, when first discharged. The utmost 
Velocity that can be giren to a cannon-ball is 2,000 feet per second, and this only at the 
moment of its leaving the gun. 

In order to increase the Telocity f^m 1,850 to 2,000 feet, one half more powder is rc> 
quired ; and even then, at a long shot, no advantage is gained, since, at the distance of 
600 yards, the greatest velocity that can be obtained Li only 1,200 or 1,300 feet per second. 
Great charges of powder are, therefore, not only useless, but dangerous : for, though they 
give little additional force to the ball, they hazard the lives of many by their liability to 
burst the gun. The velocity is greater with long than with short guns, because the infln- 
CDce of the powder upon the ball is longer continued. 

The essential properties of a gun are to confine the elastiefiuid generated by the exflh* 
doB of the powder as completely as possible, and to direct the eourm of the latt in a 
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Acoording to the lawt which gorem the motion of project- 
^b?^cd ^^ ^* ^ e^**®^* *^a* ^ «^ must *» aimed, io ontor to hit 
to hit an Ob- an object, in a direction above that of the object, moreor len^ 
^Sanoer^^^* according to the distance of the object and the foroe of the 
charge. With an aim directed, as in Fig. 49, at the objecti 
the ball, moving in a curved path, must neoessariljr fail below it. 

ttralgfat, or rectilinear patb. A rifle sends a ball more accurately than a musket, beeaoM 
•the ball is in more accurate contact with the sides of the barrel than In the ease of a eom- 
SKm mnsket The epae* prodaeed by the diferenee qf diameter between the baU and the 
tore cf the gun^ greatly diminishes the eifect of the powder, by allowing a part of the 
•bstic fluid to escape before the ball, and also permits the baU to deviate fhnn a straight 
line. The peeoHarity and saperlority of the new rifle, eaUed the ** Mini6 rifle,** is to be 
found in the constmction of the ball, which, by the act of firing, Is made to fit eompletely 
the barrel, or bore, of the gun. Thia is accomplished by making the b^ of an obtong 
■hape and a conical point, with an opening in the base extending np for two thirds the 
length of the balL Into the opening of this internal cylinder there is placed a small eon- 
eave eeetion tjf inm^ wliich the powder, at the moment of firing, /oroM Mo ihe leadtik 
UM with great power, apreading it open, and caoslng It to fit tl^^tly to the cavity of the 
barrel in its course out, thus giving it a perfect direction. 

CannmB of different sizes are named according to the weight of the ball which they are 
capable of discharging. Thus, we have dS-pounders, 24-pounderB, IS-ponnders, and the 
lifter field-pieces, firom 4 to ]2-ponnder8. The quantity of powder generally used for 
discliarging common iron or brass cannon, is one ttiird the weight of the balL In gei^ 
end war&re, the effective distance at which artillery can be need is from 600 to W>yard$, 
Off from a quarter to JuUf a mile. At the battle of Waterloo, the brigades of artillery were 
stationed about half a mile fi*om each other. Cannon-balls and shells can be throws 
with eifect to the distance of a mile and a half to two miles. 

The distance to which a ball may be thrown by a 24-pounder, with a qnantity of powder 
equal to two thirds the weight of the ball. Is about four mflea. Its eiSectire range is, how- 
ever, much less. Were the resistance of the air entirely removed, the same ball would 
be thrown to about five times that distance, or twenty miles. 

It has been found that, by the firing of an 18-pound shot Into a butt, or target, made of 
beam* of oak, when the charges were 6 pounds of powder ^ 8 jpounds, 2ipeunde, and 1 
pownd^ the respective depths of the penetration were 42 inchee^ 80 inehee^ 28 inehee, and 
16 inches; and the velocities at which the balls flew, were 1,600 feet in a second, 1,110 
feet, 1,024/Mt, and 606 feet. 

When the cannon is so pointed that the ball goes perfectly straight toward the otject 
aimed at, the direction Is said to be point-blank. Ricochet firing is when the ball is dis- 
charged in such a manner that it goes bounding and skipping along the surface of the 
ground. In this way a ball can be thrown more effectively, and for a greater distance^ 
than in any other way. 

There are several enhstances known to chendsts which possess a greater explosive 
power than gunpowder. It has not, however, been considered possible to increase the 
range and efEect of a projectile fired fh>m a gun, or cannon, by using any of them. Sup- 
posing that the guns could be made indefinitely strong, and the gunpowder indefinitely 
powerful, the point would soon be reached where the reeistanee which the air oppress to 
abody moving very rapidly would balance the force derived ftom the explosive compound, 
which drives the projectile fbrward. Beyond this point no increase of impulsire foroe 
would uiige the projectOe fiirther ; and this limit is considerably within the range of 
power that can be exercised by common gunpowder. Beside this, the strength of mate- 
rials of which guns are made is limited. Practical experience has fully demonstrated that 
the largest piece of ordnance wliieh can be cast perfect, sound, and free ttom flaws, is a 
vwrtar 13 inches diameter; and even this weighs five tons. The French, at the siege of 
Antwerp, constructed a mortar haying a bore of no less than 80 inches diameter, bat II 
burst on the ninth time of firing. 
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Until quite recently, the nraskets placed in the hands of soldiers were usu- 
ally aimed so that the line of sight was parallel to the barrel, and directed to 
the object) as in F!g 49. So long as the range of the musket was of limited 
extent, and great precision was not expected, the deviation of the ball from 
a straight line was not taken into account; but with the introduction of riflea 
throwing a ball to a great distance, the drop of the ball occasioned by the 
curvature of the path of the projectile, was found to deprive the weapon of 
the necessary precision. On all modem guns, therefore, a double sight is 
provided, by which the elevation necessary to secure accurate aim can always 
be given to the barrel This is exhibited in Fig. 50, where one of the sighted 
B, is fixed, in the usual manner, at one extremity of the barrel, while the 
other is located nearer the breach. This last sig^t is often graduated and 
provided with an adjustment, by which it can be adapted to oljjects at dil^ 
ferent distances, so as to hit them exactly. 

Fig. 50. 




What !■ cir. .163. CiRCULAB MoTiON is the motion pro- 
cuiar Motionr ^ duccd bj the revolution of a body about a 
central point. 

« . ^ 164. Circular Motion is a species of com- 

ferHottoBpro- pouud motiou, and is caused by the continued 
operation of two forces ; — one the force of 
projection, which gives the body motion, tends to cause 
it to move in a straight line ; while the other is continually 
deflecting it from a straight course toward a fixed point. 

lUuttrate tbe '^^ ^^^ ^ illustrated by the common sling, or by swinging 
production of a heavy body attached to a string round the head. The body, 
GiraaUr Mo- ^ ^his case, moves through the mfluence of two forces, the 
force of projection, and the string which confines it to the 
hand. These two forces act at right angles to one another, and according to 
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«he rtatements already made (g 166), the path of the moTfaig bodj wffl be a 
resoltant of the two foroea^ or the diskgoual of a paraUelogFam. 

How then, it may be asked, does the body attached to the 
string and whirled round the head, moTe in a cinde T This 
will be dear, if we oonsider tbat a drde is nutde of an in- 
finite number of little straight lines (diagonals of parallelo- 
grams) and that the body moving in it, has its motloo bent 
at every step of its progress by the action of the Ibroe which 
confines it to the hand. This fi>roe^ however, only keeps it within a certan 
distance, without drawing it nearer to the hand. The two fi>roe8 exaciif 
balandng each other, the course of the whiriing body will be circular. 

165. The two forcea by which circular mo- 
tion is produced^ are called the Oektbifuoal^ 
and Centripetal ForceB.t 

166. The Centbifuoal Fobcs is that force 
which impels a body moving in a curve to 
move outward, or fly off from a center. 

167. The Centbipetal Fobcs is that force 
which draws a body moving in a curve toward 

the center, and assists it to move in a bent, or curvelinear 
course. In Circular Motion the Centrifugal and Centri- 
petal Forces are equal, and constantly balance each other. 

If the Centrifugal Force of a body revolving in a drcular 
path be destroyed, the body will immediately i^proach the 
center; but if the Centripetal Force be destroyed, the body 
will fly off in a straight line, called a tangent 
Thus, in whirling a ball attached by a string to the fin- 
ger, the propelling force, or the force of prqjection, is given by the hand, and 
Fia. 61. ^^ Centripetal Force is exhibited in the stretching, or 

tension of the string. If the string breaks in whirlings 
the Centripetal Force no longer acta, and the ball, hj 
the action of the Centrifugal Foroe, generated by the 
whirling motion, flies off in a tangent, or straight lin^ 
as is represented in Fig. 61. I^ on the oontnuy, tha 
whirling mollon is too slow, the Centripetal Foroe pr^ 
ponderates, and the ball fUls in toward the finger. 
Familiar examples of Hie effects of Centrifiigal Foraa 
are oommon in the experience of eveiy-day life. 

The motion of mud flying fit>m the rim of a coach-wheel, 
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miliar iiiustra- moving rapidly, is an illustration of Centrifugal Force. Fig. 

SSS FoiSe?*' ^^ represents a coach-wheel throwing off mud ; a the point at 

which the mud flies off; a 5, the straight line in which it 



* Centrlftigal, eompoonded of center, and "fugto^** to fly oflL 
t Centripetal, compounded of canter and **jwCo,** to i 
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would more but for the actioQ of the two foroes^ which compel it to follow 
the parabolic curvei a a 

FiQ. 62. 




The nrad sticks to the wheel, in the first instance, through the force of ad- 
hesion ; but this force, being very weak, is overcome by the Centrifugal ForcCi 
and the particles of mud fly oS, The particles which compose the wheel it- 
self would also fly ofif in the same mamner, were not the force of cohesion 
which holds them together stronger than the Centrifugal Force. 

The Centrifugal Force, however, increases with the velocity 
(^revolution, so that if the velocity of the wheel were contin- 
ually increased, a point would at last be reached, when the 
Centrifugal Force would be more powerful than the fi>rce of 
cohesion, and the wheel would then fly in pieces. In this 
way almost all bodies can be broken by a sufficient rotative 
velocity. Large wheels and grind- 
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Stones, revolving rapidly, not infre- 
quently break ttom this cause, and the 
pieces fly off with immense force and 
velocity. 

When we whirl a mop, the water 
flies off flt>m it by the action oi the 
Centrifugal Force. The fibers, or 
threads^ which compose the mop, also 
tend to fly ofi^ but being confined at 
one end, they are unable so to da 
They, therefore, assume a spherical 
£)rm, or shape. 

The fact that water can be made to 
fly off from a mop, by the action of the 
Centrifugal Force produced by whirling 
it, has been most ingeniously applied 
in a machine for drying obth, (»Ued 
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the hydro-extractor (water-extractor^ Ilg. 63. The machine ooosurts of • 
large hollow wheel, or cylinder, A A, turning upon an axis, B. The sidet 
and bottom of the wheel are pierced with holes like a 
neve. The wet dotha being in and around the lidei^ 
A, the wheel is caused to revolve with great rapidity, and 
the water contained in the material, by the action of the 
Centrifiigal Foroe,^ fliea out, and eacf^ies through tha 
apertures left m the sides of the wheel A rotation 
of 1500 times per minute, is sufficient to almost en- 
tirely dry the doth, no matter how wet it may have been 
originally. 

When a bucket of water, attadied to a string, is 
whirled rapidly round, the water does not &11 out when 
the mouth is pfesented downward, since the Gentrifbgal 
Force unparted to the water by rotation, tends to cause 
it to fiy off from the center, and this overcomes, or bal- 
ances, the attraction of gravitation, which tends to cause 
the water to fall out, or toward the center. Thus, in 
Fig 54, ^e water contained in the bucket which is up- 
side down, has no support under it, and if the bucket 
were kept still in its inverted position for a single mo- 
ment the water would fall out by its own weight, or, in 
other wordfl^ by the attraction of gravitation, which rep- 
resents a Centripetal Force ; but the Centrifugal Foroe^ 
which is caused by the whirling of the bucket in the di- 
rection of the arrow, tends to drive the water out through 
the bottom and side of the vessel, and as this last force 
overcomes, or balances the other, the water retains ita 
place, and not a drop is spilled. 

When a carriage is moved rapidly round a comer, it is 
very liable to be overturned by the Centriftigal Force 
called into action. The inertia carries the body of the 
vehicle forward in the same line oi diroction, while the 
I wheels are suddenly pulled around by the horses into a 
' new one. Thus a loaded stage running south, and sud- 
denly turned to the east, throws out the luggage and 
passengers on the south side of the road. When railways form a rapid oorve^ 
the outer rail is laid higher than the inner, in order to counteract the Oentri- 
Ibgal Force. 

< An animal, or man, turning a comer rapidly, leans in toward the comer or 
center of the curve in which he is moving, in order to resist the action of 
the Centrifugal Force, which tends to throw him away from the center. 

In all equestrian feats exhibited in the drcua, it will be observed that not 
Only the horse, but the rider, inclines his body toward the center, Fig. 55, and 
according as the speed of the horse round the ring is increased, this indmar 
tion becomes more considerable. When the horse walks sbwly round a hif^jje 
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ring thia inclinAtion of his body is imperceptible ; if he trot, there is a visible 
indination inward, and if he gallop, he inclines still more, and when urged to 
fhll speed he leans very far over on his side, and his feet will be heard to 
strike agiunst the partition which defines the ring. The explanation of all 
this is, that the Centrifugal Force caused by the rapid motion around the 
ring tends to throw the horse out o^ and away from, the circular couisOi and 
this he counteracts by leaning inward. 

FiQ, 65. 




Hoir do th« 
motions of the 
Mrimr system Q- 
lustrate the ac- 
tion of Gentri- 
lugal and Cen- 
tr^tal Forces f 



The most magnificent exhibition of Centrifugal and Centri- 
petal Forces balancing each other, is to be foimd in the ar- 
rangements of the solar system. The earth and other planets 
are moving around a center — ^the sun, with inmiense veloci- 
ties, and are constantly tending to rush off into space, by the 
action of the Centrifugal Force. They are, however, restrained 

within exactly determined limits by the attraction of the sun, which acts 

as a centripetal power drawing them toward the center. 

What Is the 168. The Axis of a body is the straight line, 
Axisof a body! ^.g^^j ^j. imaginary, passing through it, on which 
it revolves, or may revolve, 

169. When a body rotates upon an axis, all 
its parts revolve in equal times. The velocity 
of each particle of a revolving body increases 
with its perpendicular distance from the axis, 
and as its velocity increases, its Centrifugal Force in- 
creases. 

A mementos reflection will show, that a point on the outer part, or rim, of 
a wheel, moves round the axis in the same time as a point nearer the center, 
«8 upon the hub. But the circle described by the revolution of the outer part 



When A body 
rerolTes round 
Its Axis, what 
peenliaritles 
do its sereral 
parte exhibit f 
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What eifecfc 
does the aetion 
of Cttntrif ogal 
Force hare np- 
«n the figure of 
• body? 
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of tbe wheel is much laiger than that deeeribed by the inner part; and as 
both move roand the center in the same time, the outer part most move with 
a greater Telocity. 

170. If the particles of a lotating body have 
freedom of motion among themselves, a change 
in the figure of the body may be occasioned by 
the difference of the Centrifugal Force in the 
different parts. 

A ball of soft day, witha wire for an axis, forced through Its center, If mada 
to torn quickly, soon ceases to be a perfect balL It bulges out in the middle, 
where the Centrifugal Force is, and becomes flattened toward the ends, or 
where the wire issues. 

This change in the form of 
revolving bodies may be illus- 
trated by an apparatus repre- 
sented in Fig. 66. This con- 
sists of an elastic circle, or hoop^ 
&8tened at the lower side on a 
vertical shaft, while the upper 
side is free to move. On turn- 
ing the wheels, so arranged as 
to impart a very rapid motion 
to the shaft and hoop, the hoop 
will be observed to bulge out 
in the middle (owing to the 
Centrifugal Force acting with 
greater faitenrity upon those parts fturthest Temove<\ from the aoaa) and to be- 
come flattened at the ends. 

.^^^ 171. The earth itself is an example oi tba operation of this 

cense of the force. Its diameter at the equator is about twenty-six miles 
S^eerST P***®' ^^^ ^ P*^^ diameter. The earth is supposed to 
have assumed this form at the commencement of its revolu^ 
tion, tiirough the action of the Centrifugal Fotcc, while its particles were in a 
semi-fluid, (MP plastic state. In Fig, 57 we FiG.67. 

have a representation of the general figure of 
the earth, in which K S is the polar diameter, 
and also the axis of rotation, and E W the 
equatorial diameter. 

Wbet if th ^*^^' '^^ *^® equator the 

>mountof Cent Centrifiigal Force of a particle 
Wpetal Force ^ matter is l-290ths of its 
^^°* ' gravity. This diminishes as 
we approach tUe poles, where it becomes 0. 
If the earth revolved 17 times foster than 
it now does, or in 84 minutes instead of 24 
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l¥lMtw«nd4b4i hoon^ the Gentrift^ Force would be equal to the attracttoa 
rOodty at TO- ^ grsfitatioii, which may be oonsidered as the Centripetal 
tfttiMi of ^ Foroe, and all bodies at the earth's equator would be deprived 
If 'of weight, Binoe they would have as great a tendency to leave 




the surface of the earth as to descend toward its center. If 
the earth revolyed on its axis in less time than 84 minutes, terrestrial gravita* 
tion would be completely overpowered, and all fluids and loose substances 
would fly from its surfiioeu 

178. There appears to be a constant tendency to rotary 
motion in moving bodies free to turn upon their axes. 
The earth turns upon its axis^ as it moves in its orbit ; a 
ball projected from a cannon, a rounded stone thrown firom 
the hand, all revolve around their axes as they move. 

Fia. 68. This phenomenon may be very 

prettily illustrated by placing a 
watch-glass upon a smooth plate 
of glassy Fig. 58, moistened suf- 
ficiently to insure sli^t adhesion, 
and fixed at any angle. As it 
begins to move toward the bot- 
Vjm of the inclined plane, it will exhibit a revolving motion, which uniformly 
hicreases with the acceleration of ita downward movement 



PRACTICAL QUESTIONS AND PROBLEMS ON THE PRINCIPLES 
AND COMPOSITION OF MOTION. 

1. The suBTAOM of the zabih at the equatob moves 'hi the rate of abont a iBOVSAim 
1IILX8 in an houb : why are men not lensible of this rapid movement of the earth f 

Because oS oljeets about the observer are moving in common with him. It 
is the natural uniformity of the undisturbed motion which causes the earth 
and all the bodies moving together with it upon its suilkoe to appear at 
rest 

2. How ean yon easily see that the lAxm la in motion f 

By looking at some object that is entirely unconnected with it» as the min 
or the stars. We are here, however, liable to the mistake that the sun or 
stars are in motion, and not we ourselves with the earth. 

9. Does the sum really am and sr eaeh day? 

The sun maintains very nearly a constant position; but the earth revolves^ 
and is constantly changing its position. BeaB^ ther^fbre^ ffie sum neUher rises 
nor sets, 

4. Why, to a nsoir BAiLnto In a boat on a smoeHi stream, or eonre ■wim.T In • 
OAxaiAC on a smooth road, do the trees or bnildiivi on the honks or roadside ftppsv to 
move in an OFPoem dikktion f 

The rOaiioe sOuaHon of the trees and buadings to the person, and toeaoh 
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other, is achuUfy dianged by the motion of tiie obeerrar; hot the mind, fai 
judging of the real change in place hj the difference in the position of the 
objects observed, unconacunuly oonfoonda the real and apparent motion. 

5. Why will a tallow candle fired from a gnn pieree a board, or target la fhe mom 
manner aa a leaden ballet will, under the aame dreomataneeef 

When^a candle starts fWnn the breadi of a gnn, its motion is gradoany in- 
creased, until it leayes the muzzle at a high velocity ; and when it reaches the 
board, or target, every particle of matter composing it is fai a state of great 
Telocity. At the moment of contact, the particles of matter oomposing the 
taiget are at rest ; and as the density of the candle^ mnltipUed by the Telocity 
of its motion, is greater than the density of the taiget at rest, the greater Ibioe 
overcomes the weaker, and the candle breaks throu^^ and pieroes a hole in 
the board. 

6. Why, with en enormooa preMore and dow motion, eaa yon not fiiree a eandla 
fhrooi^aboardf 

Because the candle^ on account of its alow motion, does not possess solB- 
dent momentum to enable the density of its partides to OToroome the greater 
density of th^ board ; consequently the candle itself is mashed, instead of 
pierdng tiie board. 

7. Why will a large ship, moring toward a wharf with a motion hardly peroeptlUab 
cmah with great force a boat faiterrening f 

Because the great mass and weight of the Tessel compensates for its want 
of velocity. 

8. Why eaa a penon lafely skate with great rapidity over Ice which would not beer 
his wei^ standing quietly 1 

Because tune is required to produce a fracture <^ the ice; as soon as the 
weight of the skater begins to act upon any point, the ice, supported by the 
water, bends slowly under him ; but if the skater's velocity be great, he 
passes off from the spot which was loaded before the bending has reached 
the point at which the ice would break. 

9. ▲ HiATT OOAOH and a laaaf waaox came In eoUiBion on the road. ▲ rait for 
.damages was brought by the proprietor of the wagon. How was it shown that on of Uie 
TZHIGLX8 was moTing at an UNSAn vxLOOiTTr 

On trial, the persons in the wagon deposed thai (he shocks occasioned by 
cxxming in contact; was so great, that it ^ew Viem over (he head of their horse; 
and thus lost their case by proving that the faulty velodty was their own. 

10. Why did the VAor that they were thxowk oyer the hkad or ihs hobsb by coming 
Jr contact with the coach, prove that their yelodty was emcAnB than it ought to havu 
been? 

The coadi stopped the wagon by contact with it, but the bodies of the per- 
sons in the wagon, having the same velocity as the wagon, amd not faakined to 
it, continued to move on. Had the wagon moved slowly, the distance to which 
they would have been thrown would have been slight To cause them to 
be thrown aafiur aa over the Itead of (he horee^ would require a great Tolodty 
ofmotien. 
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IL When TWO pKBaoNBnBiKsfhelrBaAPctogettiflr,oM being In MoaoR and the oihflc 
«t BBat; why are both equally hurt t 

Because, when bodies strike each other, acUon and reacHon are equal; the 
head that is at rest retoms the blow with equal force to the head that 

strikes. 

12. WhenanelasfcleBAiAlatfarowntgalnsttbeddaoraboaMwIlliaontAiiriiaMi, 
why doee it rebound f 

Because the side of (he howe raristi the boU with the mrm fifree, and the 
ball being elastic^ rtbounde, 

13. When the ■axx uall ie thrown against a pahk of GiJkn with the nmefovoe. It gMS 
ihrongli, breaking the glaea ; why does it not rebound as before 7 

Because the glass has not sufficient power to resist the full force of the ball : 
it destroys a part of the force of the ball, but the remainder continuing to act; 
the ball goes through, shattering the glass. 

14. Why did not the maw sneeeed who undertook to make a vaib wnn> fbr his ruus* 
VBs-BOAT, by erecting an ocMXHSS bbllows hi thesnmir, and blowing against the sails f 

Because the action of the stream of wind and the reaction of the sails were 
exactly equal, and, consequently, the boat remained at rest 

15. If he had Uown in aooiraaABT Dmraoxr firom the sails, instead of agaimt them, 
would the boat haTe mored t I 

It would, with the same force that the air issued from the beUows-inpe. 

16. Why can not a max raise himself orer a noron by pulling upon the szbaps of his 

r 



Because the action of the force exerted by the muscles of his arms is ooun- 
teracted by the reaction of the foiee, or, in other wordi^ the resistance of his 
whole body, which tends to keep him down. 

17. Why do watib-do68 give a sbii-sotabt mo?budit to flne themsdves from 
water f 

Because in this way a centrifiigalffree is generated, whkih causes the drops 
of water adherent to them to fly o£ 
JIB. Why is the ootjbss of rivers rardy sraAxeBT, bat smpsn T nis and wnmnrof 
When, from any obstruction, the river Is obliged to bend, the eenirifiiffc) 
force tends to throw away Ae water from (he center of the eurvature, sa that 
when a bend has once commenced, it increases, and is soon followed by others 
Thus, for instance, the water being thrown by any cause to the left side, it 
wears that part into a cunre^ or elbow, and, by its centrifugal force, acts ooqp 
stantly on the outside of the bend, until the rock, or higher land, resists iti 
gradual progress; from this Umit, being thrown back again, it wears a similac 
bend to the right hand, and after that another to the lef^ and so on. 

19. A locomotlTe passes over a railroad, 900 miles In length. In 5 hours; what Is Its 
Telocity per hour f '-/^ /, 

20. If abird, in flying, passes oyer a fistanoe of 45 miles In an hour, what Is its ve- 
locity per minuter . T' {" 

SI. Tlie flash of a cannon three miles off was seen, and in 14 seconds afterwaid the 
■oud was heard. How many feet did the soandtntel In one seoondf MJXA-hf''^ 

/ ' '■ ' . U ' ' ■ ^ 
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82. The min it 95infl]inng of miles from the eerth, and it reqnixet 81 minntee for its 
light to reech the earth ; with what relodtj per eeeond does light more f /^. 

23. If a TBMel sail 90 miles a daj for 8 days, how far wiU it sail in that 

24 A gentle wind is observed to move 1,200 feet in 19 minutes : how &r would it moT« 

inS hours, aUowing O,000feetto the mUef /w^ l^^'>^. ?^ /^. ^ , ^ ■\\^ 
26. What distanee woold^ bird flying vnifoniily at the Tetodtj of 80 miles per hour, 

pass over in 13^ hours f / S i 

26. Suppose light to more at fhe rate of 198,000 mites In a seoond of time, how long a 

time will obtpse in the passage of fight from the sun to the earth, the distsine being 05 

millions of miles ? /^.^. -> ''. , , \ 

__ / ' * / ' ''f .■•'>• «. 

27. What is the momentum of a bodj weighing 86 pounds morlog with the Telodtjf 
•f 80 feet per second? ^,"r'3? 

28. A cannon-ball weighing 620 pounds, strudc a wall with a Telocity of 45 feet per 
second : what was its momentum, or with what force did it strike f ^ <^ // - ') 

29. A tocomotlTe and trafai of cars weighing 180 tons (403,200 pounds), and moving at 
the rate of 40 miles per hour, came in eollision with another tnin weighing 100 tons, and 
moving at the rate of 26 miles ^r heu? : what was the momen|um, or force of eonislon Jlfy 

30. A stone thrown direetl^ at an ohioct from a locomotive, moving at the rate of 8,5W 
feet per minute, was S seconds in the air; at what distuwe beyond the ol^eet did it 
■fcrikef // ^^JL 
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What are the 



174. The principal agents from whence we 

^^I^Jf^ obtain power for practical purposes, are Mbn 
"*■' and Animals, Water, Wind, Steam, and 

Gunpowder. 

The power of all these may be ultimately resolred into flome- 
5w? nataral ®'** ^' °**^'® of the great natural forces, or primary Bources of 
foreesare these power, yiz., vital force, producing muscular energy, or strength 
j^toof power ^ ^^^^^^ ^^^ animals; gravitation, causing the flow of water; 
heat and molecular forces, the agents producing the power ex-' 
hibited by wind, steam, and gunpowder. 

. ^. - Magnetism and electridty when called into action, aD& 

Are tnere any "^ * _ , ^ 

other agentsof capillary attraction, are also agents of power ; but none oi 

V^^^^ these are capable, as yet, of being used to any great extent 

for the production of motion. 

jj ^ 175. Muscular energy in men and animals 

lar energy ex- is excrtcd bjT mcaus of the contraction of the 

fibers which constitute the muscles of the- 
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body ; the bones of the body facilitate and direct the ap% 
plication of this force. 

Beasts of prey possess the greatest amount of muscular power ; but aomo 
veiy small animals possess muscular power in proportion to their bulk, in- 
comparably greater than the largest of the brute creation. A flea, considered 
relatiyely to its size, is stronger than an elephant, or a lion. 
~ A man can exert his greatest active strength in pulling up- 

exert his great- Ward fVom his feet, because the strong muscles of the back, 
cbt strength f ^^^ those of the upper and lower extremities, are then brought 
most advantageously into actioa 

The comparative effect produced in the different methods of applying the 
fonse of a man, may be indicated as follows : in the action cit turning a crank, 
or handle, his force may be represented by the number 17 ; in working a 
pump, by 20 ; in pulling downward, as in ringmg a bell, by 39 ; and in pull- 
ing upward drorn the feet, as in the action of rowing, by 41. 

What Is the 176. The estimate of the unifonn strength 
SJlSSS'^of a of ^^ ordinary man, for the performance of or- 
"*"' dinary daily mechanical labor is, that he can 

raise a weight of 10 pounds to the height of 10 feet once 
in a second, and continue to do so for 10 hours in the 
day. 

What Is the ^^^' ^^® estimated strength of a horse is, 
jj^j«Jjd^^ ^ that he can raise a weight of 33,000 pounds 
horse, or a to the hciffht of ouo foot iu a minute. Such 

horse>power V ^ 

a measure of force is called a ^^horse- 

POWKB.'* 

The strength of a ho^ is considered to be equal to that of five men. Th» 
average strength which a horse can exert in drawing is about 1600 pounda. 

whatiBwater- 178. Water-power is the power obtained 
power? Y)j the action of water falling perpendicularly, 
or running down a slope, by the influence of gravity. 
What is the l''^9- When work is performed by any agent, 
SSS^ff thl ttere is always a certain weight moved over a 
^ifSraJd b? certain space, or a resistance overcome ; the 
differentforcesr amount of work performed, therefore, will de- 
pend on the weight, or resistance that is moved, and the 
space over which it is moved. For comparing different 
quantities of work, done by any force, it is necessary to 
have some standard ; and this standard is the power, or 
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labor, expended in raising a pound weight one foot high, 
in opposition to gravity. 

Hoir la «he ef- l^O. The cffcct produced by a moving power 
i^^mai- ^ always expressed by a certain weight raised 
premd? ^ certain height. 

To find, tiierefore, fhe effect of a moving power, or to jQnd the power ex- 
pended in performing a certain work, we have the following rule : — 

Hoir may fhe 181. Multiply the weight of the body moved 
S'to'iJSrbSi ^ pounds by the vertical space through which 



*' it is moved. 

Thns, for example, if a horse draw a loaded wagon, with a force bj which 
the traces are stretched to as great a degree as if 200 pomids ^ re suspended 
vertically from them, and if the horse thus acting draws the wagon over a 
space of 100 feet, the mechanical effect produced is said to be 200 pounds 
raised JOO feet; or, what is the same thing, 20,000 pounds raised 1 foot 
When a horse draws a carriage, the work he performs is expended in over- 
coming the resistance of friction of the road which opposes the motion of the 
carriage ; but friction increases and diminishes as the weight of the load in- 
creases or diminishes. The work performed will, therefore^ be estimated bj 
multiplying the total resistance of friction, as expressed in pounds, by the 
space over which the carriage is moved. 

ninstrate the ""^^ following examples will illustrate how we are enabled, 
manner of esti- by the abovo rules^ to calculate the amount of power required 
mating power f ^ perform a certain amount of work: — Suppose we wish to 
know the amount of horse-power required to lift 224 pounds of coal fit>m the 
bottom of a mine 600 feet deep. The weight, 224, multiplied into space 
moved over, 600 feet, equals 134^400, the amount of work to be performed 
each minute ; a horse-power equals 33,000 pounds raised 1 foot per minute: 
therefore, 134,400-f-33, 000 =4.07, horse-power required. If we wish to per- 
form the same work by a steam-engine, we would order an engine of 4.0T 
horse-power, and the engine-builder, knowing the dimensions of the parts of 
an engine essential to give one horse-power, can build an engine capable of 
performing the requisite work. 

Agam. Suppose a locomotive to move a train of cars, on a level, at the 
rate of 30 miles per hour, the whole weighmg 25 tons, with a constant re- 
sistance from friction of 200 pounds, what is the horse-power of the engine f 
90 miles per hour equals 2,640 feet per minute ; this space multiplied by 200 
pounds, the refflstanoe to be overcome^ equals 628,000, the work to be done 
every mmute; which, divided by 33,000 (one horse-power), equals 16, the 
horse-power of the locomotive. 

What Is a dt- 182. An instrument for measuring the rela- 
n«nometerf ^j^g strength of men and animals, and also of 
the force exerted by machinery, is called a Dynamometer. 
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njf. gg Fig. 69 represe&ts one of the moek 

oommon fonns of the dynamometer, 
consistuig of a band of steel, bent in 
the middle^ so as to have a certain de- 
gree of flexibility. To the expanded 
extremity- of each limb is fixed an aro 
of iron, which passes freely tbroogh an 
opening in the other limb, and tenninates outside in a hook or ring. One of 
these arcs is graduated, and represents in pounds the force required Ym.oi' 
to bring the two limbs nearer together. Thus, if a horse were pulling 
a rope attached to a body which he had to move,.we may imagine the 
rope to be cut at a certain point, and the two ends attached to the 
ends of the arcs^ as represented in Fig. 59; the force of traction ex- 
erted by the animal would be seen by the greater or less bringing 
together of the ends of the instrument 

In another form of djrnamometer. Fig. 60, which is also osed aa a 
spring balance in weighing, the lorce is measured by the oollapeing. 
of A steel spring, contained within a cylindrical case. The construc- 
tion and operation of this instrument will be easily understood fix>m 
an examination of the figure. 

What tea Ma- 183. A MACHINE is an instnixnent, or 
•"°® ' apparatus, adapted to receive, distribute, 
and apply motion derived from some external force, 
in such a way as to produce a desired result 

A steam-engine and a water-wheel are examples of madiines. They re- 
ceive the power of steam in the one case^ and the power of fidling water in 
the other, and apply it for locomotion, sawing^ hammering, etc. 

Do we produce 184. A MACHINE cau not, uudcr any cir- 
Sr of ^ ^ cumstances, create power, or increase the 
**^®"' quantity of power, or force, applied to it. 

A machine will enable us to concentrate^ or divide, any quantity of force 
which we may possess, but they no more increase the quantity of force applied 
than a mill-pond increases the quantity of water flowing in the stream.* 

^ Machines, in &ct, do not increase an applied force, but they 
chines in reality diminish it, or, in other words, no machine ever transmits the 
diminiah force t ^Yiole amount of force imparted to it by the moving power; • 
since apart of the power is necessarily expended in overcoming the inertii 
of matter, the firiction of the machineiy, and the resistance of the atmosphere. 

* ** Poirer la alirays a prodaet of natare. God has not yoneluafed to man the means of 
its primary creation. He finds it in tbe moving air and the rapid cataract ; in the bam* 
ing coal and the heaving tide. He transfers it from these to other bodies, and renders it 
the obedient servant of liis will— the patient drndge irhlch, in a thousand irays, adminis- 
ters to his wants, his convenience, and his luxuries, and enables him to reserve his own 
energy for the higher purposes of tbe development of his mind and the expressioa of his 
tlioa«hts.**-.^fW> Bmru. 
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li Perpetma 185. PERPETUAL MOTION, Or the COIlfltniC- 

Sifa^*^<SSl ti^^ of machines which shall produce power 
^' sufficient to keep themselves in motion con- 

tinually, is, therefore, an impossibility, since no combi- 
nation of machinery can create, or increase, the quantity 
of power applied, or even preserve it without diminution. 

What ezamnle ^ nature we have an example of continued and undimin- 
of eonttnaed ished motion In the rerolution of the earth upon its axis, aid 
we^natu«7 of the planets around the 8un« These bodies hare been mov- 
ing with undiminished Telocity for ages past, and, unless pre- 
vented by the agency which created them, will continue so to do for ages to come. 

„ . - 186. We derive advantages from machines 

How do we de- , •* » i i-i«- 

jj^«^j^g« m three dmerent ways ; 1st, from the addi- 
tions they make to human power ; 2d, from 
the economy they produce of human time ; 3d, from the 
conversion of substances apparently worthless and com- 
mon into valuable products. 

How do ma. 187. Machiucs make additions to human 
SditioM^^to power, because they enable us to use the 
homui power r power of uatural agents, as wind, water, steam. 
They also enable us to use animal power with greater ef- 
fect, as when we move an object easily with a lever, which 
we could not with the unaided hand. 
How do ma- 188. Machincs produce economy of human 
J^iT^h?- time, because they accomplish with rapidity 
man time? what would require the hand unaided much 
time to perform. 

A machine turns a gun-stock In a few minutes ; to shape it Iff hand would 
be the work of hours. 

^ 189. Machines convert objects apparently 

cbineaooDTert worthlcss iuto Valuable products, because by 
jects fatorai- thcuT grcot powBT^ cconomy^ and rapidity of 
** °* action^ they make it profitable to use objects 
for manufacturing purposes which it would be unprofit- 
able or impossible to use if they were to be manufactured 
by hand. 

Without machines, iron could not be forged into shafts for gigantic engines ; 
fibers could not be twisted into cables; granite, in laige masses, could not b« 
transported fiom the quarries. 
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Define Power, 190« I"! machinery, we designate the mov- 
wo^gpofat. ^^S *^'*c® ^s *h® Power ; the resistance to be 
SL^£^. ^ overcome, whatever may be its nature, as the 
Weight ; and the part of the machine im- 
mediately applied to the resistance to be overcome, as the 
Working Point. 

What ifl fhe 191* ^1^6 great general advantage that we 
EtantS^ * jobtam from machinery is, that it enables ub 
iBuuiiiintTjf ^ exchange time and space for power. 

Thus, if a man ooold raiae to a certain height two hundred pounds in one 
minute, with the utmost exertion of his strength, no arrangement of machmeiy 
could enable him unaided to raise 2,000 pounds in the same time. If he de- 
sired to elevate this weight, he would be obliged to divide it into ten equal 
parts, and raise each part separately, consuming ten times the time required 
for lifting 200 pounds. The application of machinery would enable him to 
raise the whole mass at once, but would not decrease the time occupied in 
doing it, which would still be ten minutes. 

Again. A boy who can not exert a force of fifty pounds may, by means 
of a claw-hammer, draw out a nail which would support the weight of half a 
ton. It may seem that the use of the hammer in this case creates power, 
but it does not, since the hand of the boy is required to move through per- 
haps one foot of apace to make the nail rise one quarter of an inch. But it has 
been ah-eady shown that the force of a small body movmg with great velocity 
may equal the force of a large body with a slight velocity. On the same prin* 
ciple, the small weight, or power, exerted by the boy on the end of the ham* 
mer handle, moving through a large space with an increased velocity, ac- 
quires sufficient momentum to overcome the great resistance of the naiL 

In both- of these examt^es spacb and time are exchanged for power. 

_, . .. 192. The mechanical force, or momentum, of a body, is as- 

Howtttneme- \ . ' . , , 7 I . 

chanical effect certained by multijflying its weight by the space through 

tlwBJned ? **" wliich it moves in a j^ven time, that is to say, by its velocity. 

The mechanical force, or momentum, of a power may also be 

found, by multiplying the power, or its equivalent weight, by its velocity. 

wh»t is fhe 193. The power, multiplied by the space 
briiim S?°S through which it moves in a vertical direction, , 
inachinesf jg equsl to the weight multiplied by the space 
through which it moves in a vertical direction. 
This is the general law which determines the equilibrium of all machines. 

r hat ^^^* ^^® power will overcome the resistance 

conditions will of the Weight, and mo^n will take place in a 

5ace**in s ma- machinc, whcu the product arising from the 

power multiplied by the space through which 
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it moves in a vertical direction, is greater than the pro- 
duct arising from the weight multiplied by the space 
through which it moves in a vertical direction. 

What is meant Practical men express the principle of equilibrium in mft- 
hy the ex- chineiy by saying '* that what Is gained in power is lost in 
£"*^iSiSrJt *^®-" Thus, if a smaU power acts against a great resistance^ 
the expense of the motion of the lattw will be just as much slower than thai 
^'^^^ of the power, as the resistance^ or weighty is greater than tbt 

power ; or if one pound be required to overcome the resistance of two pounds 
the one poand must move over two feet in the oama time that the reaifttanoty 
two pounds^ requires to move over ooa . 

SECTION I. 

THB BLEXBNTS Or MAOHIVBBT. 

195. All machines, no matter how complex 

Hotf many rim* .•• •• • • 

pie machines and lutncate their construction^ may be re» 

are Uiere? ^ij^ 2»«*i i« 

duced to one or more of six simple machines, 
or elements, which we call the " Mechanical Powers/' 

Ennmeratethe ^^^* '^^^7 ^® *^® LeVBB, the WhBBL and 

■^^jjj«n««T Axle, the Pulley, the Inclined Plane, the 
Wedge, and the Screw. 

These simple Machines may he fhrther reduced to three— the lever, the 
pulley, and the inclined plane ; since the wheel and axle, the screw and the 
wedge, may be regarded as modifications of them. 

The name *^ mechanical powers'* which has been applied to the six ele- 
mentary machines, is unfortunate, since it serves to convey an idea that they 
are really powers, when in fact they possess no power in themselves^ and are 
only instruments for the application of power. 

What la a 197. A Lbver cousists of a solid bar, straight 

^'®^^' or bent, turning upon a pivot, prop, or axis. 

What an the l^^. The Arms of thelevcr are those parts 

inuofaLe. ^^f ^^q -^^ extending on each side of the 
axis. 

What la the 199. The FuLCRtJM, or prop, is the name 
Fniennir applied to the axis, or point of support. 

200. Levers are divided into three kinds, or 

undaofieTon classes, accordiug to the position which the 

*" *" fulcrum has in relation to the power and the 

weight. 
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201. In the first class the fulcram is be- 

What an the _ . • -i i • xv 

reutiTe pod- tweeo the power and the weight ; in tne sec- 
power, fuicmm ond class^ the fulcrum is at one end of the 
Sbethraeundi lever, and the weio^ht is between the fulcrum 
and the power ; in the third class, the fulcrum 
IS at one end of the lever, and the power is between the 
&lcrum and the weight. 

Fig. 61 repreBents the three daases of 'PiQ. 61. 

Jbvers, numbered in their order, 1, 2, 3. / 

P is the power, W the weight, and F the 1 
fulcram. 

What ar« ex- ^ ^"^^^ •PP^^ ^ P0^ 

amples of le- elevate a stone, is an ex- ^ - 



2 




totdilf"'* «nple of a lever of Iho I 

first kmd. In Fig. 62, ^^ 

which represents a lever of this dass, a — p^^ 

indicates the flUcrum which suppports tho g •'^■^° ^ ^ 

bar, 6 the power apptied by the hand at | 

the end of the longest ann, and c the ir4 

weight, or stone, raised at the end of the 

short arm. A poker applied to sUr up the fiiel of a grate is a lever of th« 

first class, the fiilcrom being tnt» 
^^* 62. l)arB of the grate ; the break, or 

or handle of a pump, is also a &- 
miliar example Scissors, pin- 
cers, etc., are composed of two 
levers of the first kind, the ful- 
crum being the joints or pivot, 
~ and the weight the resistance 

of the substance to be cut, or seized. The power of the fingers is applied 

at the other end of the levers. 

What la um 202. A lever will be in equilibrium, when 
biLS' S?°Se *^® power and the weight are to each other 
!«▼»»» inversely as their distances from the fulcrum. 

Thus, if in a lever d the first class the power and the weight are equal, 
and are required to exactly balance each other, they must be placed at 
equal distances fix>m the fulcrum. If the power is only half the weight, it 
must be at double the distance firom the fulcrum; if one third of the 
weight, three tunes the distance. If we suppose, in Fig. 62, c to represent 
a weight of 300 pounds, placed two feet fix>m the fulcrum a, and h a power 
of 100 pounds placed six feet fiom a, then e and b will be in equilibrium, 
for (300X2)=(100X6). 

203. When the weight and lengths of the two arms 
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Weight, and 
the length of 
the anni of ft 
lever behig 
giren, hoir we 
find the eqaiv- 
•lent power! 



What are ex- 
amples of le- 
Y^rs of the 
second daaa! 




of a lever are given, the power requisite to 
balance the weight may be ascertaiDed, by 
dividing the product of the weight multiplied 
into its distance from the fulcrum^ by the dis- 
tance of the power from the fulcrum. 

204. Cork, or lemon-squeezers, Fig. 63, are exampleis of 
the levers of the seoond dass, which have the flilcnim at one 
end, and the weight, or resistance to be overcome, between 
the ftdcmm and the power. An oar is a lever of the seoond 
classy in which the reaction of the water against the blade is the ftilcrum, the 
Pxo. 63. ^^^^ ^0 weight, and the hand of 

the boatman the power. A door 
moved on its hinges is another 
example. A wheel-barrow is a 
lever of the second class, the Ail- 
cram being the point at which the 
5 ) wheel presses upon the ground, 

the barrow and its load the weighti 
and the hands the power. Nut- 
crackers are two levers of the second class, the hinge which unites them bemg 
the fulcrum, the resistance of the shell placed between them the weight, and 
the hand the power. 

What are ex- ^^^' ^ ^ of sugar-tongs rep- 
ampiea of le- resents a lever of the third class, 
SSdcuLf^ in which the power is Implied be- 
tween the fiilcrum and the resist- 
ance, or weight In Fig. 64, the iulcrum is at a, 
the resistance is the piece of sugar to be lifted at 
5, and the power is the fingers applied at c 
When a man raises a ladder against a wall, he 
employs a lever of the third class; the fulcrum 
being the foot of the ladder resting upon the 
ground, the power being the hands applied to 
raise it, and the resistance being the weight of the ladder. 

206. In levers of the third class, the power, 
being between the fulcrum and the weight, 
will be at a less distance from the fulcrum than 
the weight ; and, consequently, in this form 

of lever the power must be always greater than the 

weight. 

Thus (m Ka 3, Fig, 6lX if the length fixMn the pomt where the weight, W, 
is suspended to F be three times the length of P F, then a weight of 100 
pounds suspended at W will require a power of 300 appUed at P to sustain it 
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Owing to its mechanical disadvantages, this class of leyera 
dr^mstances^ ^^ rarely used, except where a quick motion is required, rather 
do we employ than great force. The most striking examples of levers of the 
SxddABBr * third dass are found in the animal kingdom. The limbs of 
animals are generally levers of this description. The socket 
•f the bone^ a, Fig. 65, is the fulcrum ; a strong muscle attached to tiie bona 
, Pt fiK near the socket, c, and extend- 

' ' ing to d^ is the power; and the 

, weight of the limb, together 
with whatever resistance, w, is 
opposed to its motion, is the 
weight A very slight con- 
traction of the muscle in this 




case gives considerable motion 

to the limb. 

The leg i^d claws of a bird, 

are examples of the third dass 

of levers, the whole arrange- 
ment being admirably adapted to the wants of the animtd. When a bird rests 
upon a pereh, its body constitutes the weight, the muscles of the leg the 
power, and the perch the fulcrum. Now, the greater the weight of the body, 
the more strain it exerts upon the muscles of the claws, which, in turn, grasp 
the perch more firmly: consequently, a bird sits upon its perch with the 
greatest ease, and never falls off in sleeping, since the weight of the body is 
instrumental in sustaining it 

What iB ^^^' ^ Compound Leveb is a combination 

Compound Le- of seveial simplc levers, so arranged that the 
** shorter arm of one may act upon the longer 

arm of another. In this way, the power of a small force 
in overcoming a large resistance is greatly multiplied. 



VV 
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(5 "^^ ; 

An arrangement of compound levers is shown in Fig. 66. Here, by means 
of three simple levers, 1 pound may be made to balance 1000; for if the long 
arm of each of the levers is ten times the length of the short one, 1 pound 
at the end of the first one will exert a force of 10 pounds upon the end of the 
second one, which will in turn exert ten times that amount, or 100 pounds, 
upon the end of the third one, which will balance ten times that amount, or 
1000 pounds, at the other extremity. 
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lererf 



Deierlbe fha 



yard. 



208. The disadvantage of a oompotind lever 
is, that its exercise is limited to a very small 
space. 

209. The different varieties of weighing machines are varie- 
ties or combinations of ievers. The common steel-yard is a 
lever of unequal anna, belonging to the first class. It consists 

of a bar (Fig. 67) marked with notches to indicate pounds and ounces, and « 
weight which is movable along the notches. The bar is ftimisbed with threo . 
hooks^ or ringS) on tlie largest of which the article to be weighed is always 
hong. The otiier hooks serve to support the instrument when it is in use, 
and the pivot by which they are attached to the bar serves as the fulcrum. 
The weight, Q, sliding upon the bar, balances the article, P, which is to be 
weighed, it being evident that a pound weight at D wiH balance as many 
pounds at P as the distance A C is contained in the space DO. 



flQ, 67, 




It may happen that when the weight Q is moved to the last notch upon the 
bar B G, that the article P will still preponderate. In this case, the steel-yard 
is held by the hook or ring nearer to A, which hangs down in the figure, and 
the steel-yard turned over, it being furnished with two sets of notches on 
opposite sides of the bar. By this means the distance of P, the article weighed, 
fix>m the fulcrum is diminished, and the weight Q, at the given distance upon 
the opposite side of the fulcrum, will balance a proportionally greater resist- 
anoe, or weight 

Deaoribe th ^^^' "^^ ordinary balance is a lever of the first class, with 

ordinary bal- equal arms, in which the power and the weight are neces- 
"**•• sarily equal Fig. 68 shows the common form. The fulcrum 

or axis, is made wedge like, wifl} a sharp kni&-like edge, and rests upon a 

5 
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Fio. 68. Bur&ce of hardened steel, or 

agate, in order that the beam 
may turn easily. The scale- 
pans are suspended by chains 
from points precisely at equal 
distances from the fulcrum, 
and being themselves adjusted 
so as to have precisely equal 
vreights, the two sides will perfectly balance when the pans are empty. 

211. If the two arms of a scale-beam be not of perfectly 
equal length, a smaller weight at the end of the larger arm 
will balance a greater weight at the end of the shorter. An 
excess of half an mch in the length of the arm of the beam, 
to which merchandise is attadied, where the arm should be 
eight inchep long, would cheat the buyer exactly one ounce in every pound. 
This fraud, if suspected, might be detected instantly, by transposing the 
weight and the article balanced; the lightest would then be at the end of 
the short arm, and would appear lighter than it actually is. 

Fig. 69. 



Under what 
eircamstances 
▼ill a balance 
indicate falie 
ireightaf 




What 1« the 
construction 
of platform 



?" 



212. Platform scales, and scales intended 
for weighing hay, etc., are usually compound 
levers, and are constructed in very varioiw 
forms, but all depend on the principles above explained. 
Fig. 69 represents one of the varieties, and Fig. 70 a sec- 

ria. 10. 
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tion of the same, showing the arrangement and combination 

of the levers. 

213. When a lever is applied to raise a weight or oreroome 
■tMices limit ^ reastance, the space through which it acts at any one time 
^ ntmtf of ig small, and the work must be accomplished by a saooession 
of short and intermitting efforts. These drcomstanoes, ther»> 
finre, limit the atflity of the common lever, and restrict its use to those caiet 
only in which weights are required to be raised through small spaoe^ 
«, , ^ 214. When, however, a continuous motion is reooifed, as in 

voQB motloa raising ore from a mine, or m lifting the anchor of a ship^ 
obuinadf j^ order to remove the mtermitting action of the lever, and 

render it continual, we employ the simple machine known as the wheel and 
axle, which is only another form of the lever, m which the power is made to 
act without mtermission. 

215. The form of the simple machine de- 
wheei and nominated the Wheel and Axle, consists of 
a cylinder, termed an axle, revolving on an 
axis, and having a wheel of larger diameter immovably at- 
tached to it, so that the two revolve with a common motion. 
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^ -.V *u In ^- ^1, A represents 

Describe the ^, , . * u i • 

•cUon of the the axle with a wheel un- 

movably attached to it, and 

the wheel turning on pivots 
inserted into the ends of the axle. Around 
this axle is wound a rope, to which is at- 
tached the weight W, and around the wheel 
is another rope, to which the power, P, is 
applied. It is evident that one turn of the 
wheel will unwind as much more rope fix>m 
the wheel than it winds on the axle, as its 
circumference is greater. The power, P, will therefore pass over a much greater 
space than the weight W. The weight on the axle, which may be considered 
as acting on the short arm of a lever which is the radius* of the axle, may 
be much heavier than the power which acts at the long arm of a lever, whidi 
is the radius of the wheeL 

Hence the advantage gained in the wheel and axle is equal to the numbei 
of times that the radius of the axle is contained in the radius of the wheel, 
and to estimate the mechanical advantage gained by the wheel and axle, we 
have the following rule : 

How do ire 216. . The power is to the weight, as the 
admtage ^ diameter of the wheel is to the diameter of 
•zier the axle. 

* The rediat of a wheel, or eylinder, is its semi-diftmeter, or a line dntwn firom its een* 
ter to its dreamferenoe, Tiie spoke of a eerrisge wheel represents its radios. 
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Fig. 72 represents a section of the wheel and axle, showing the raditiB 
of the axle, b c, and the radius of the wheel, a c. The two being in a 
straight line, the weights hanging in opposition are yiq 72 

always as if they were oonnected by a horizontal lever, 
a e b, turning on a fulcrum at c If the radius of the 
wheel, or the length of the longer arm of the lever, a c, 
be 24 inches, and the radius of the axle, or the length 
of the shorter arm, c 6, be 3 inches, then the advantage 
gained would be 24-1-3 =8, and a power of 100 pounds 
applied to the wheel would balance a weight of 800 ap- 
plied to the axle. 

„ . 21T. The methods of applying power 

Hov 00 W6 ap» , , . 

Dly power in m the Wheel and axle are very various, 
Ibuejrhael cod j^ ^^^ heing essential that the power should be applied by a 
rope. The axle is sometimes placed in a vertical or upright 
position, and the power applied by means of levers, or bars, inserted into boles 
Yia, 73. m one end of the axle. A capstan of a ship, Fig. 

73, is an example of this. 

In the windlass, a handle, or winch, is sub- 
stituted in the place of a wheel. (See Fig. 74.) 
In this case, the advantage gained is equal to 
the number of times that the length of handle is 
^eater than the radius of the axle. Thus, if the 
handle is 20 inches and the radius of the axle 
is 2 inches, then the advantage would be 10, and 
a power of 50 pounds applied at the handle would 
just raise a weight of 10 times 50, or 500 pounds. 

When a weight, or resistance, of comparatively great amount is to be raised 
by a very small power, by means of the simple wheel and axle, either of two 
inconveniences would ensue ; either the diameter of the axle would become 
too small to support the weight, or the diameter of the wheel would become 
so great as to be unwieldy. This has been remedied by a very simple ai^ 
Fig. 74. raDgement, called the double i^e, Fig. 74. 

The axle of the windlass here consists of 
two parts of unequal diameters, and the 
rope winds around them in different direc- 
tions ; therefore, every turn of the wind- 
lass, or handle, winds up a portion equal 
to the circumference of the one, but un- 
winds a portion equal to the circumference 
of the other, and if the two be nearly equal, 
the weight moves very slow. If the weight 
rise 1 inch while the handle describes 100 
inches, 1 pound at the handle will balance 100 attached to the rope. 

In Uiis arrangement space and time are exchanged for power in a most 
convenient manner. 
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yVYuA Is the 
most ftreqaent 
method of 
tmnsmitting 
motion through 
» combination 
•1 wheels? 
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WheQ great power ia required, wheels and azlet maj be combined to* 
gether in a manuer similar to that of the compound lever already explained 
(§ 207). By such a combination we gain the advantage of using a very large 
wheel with a small axle, without their inconveniecces. 

218. The most frequent method of transmitting motion 
through a combination of wheels, is by the construction of 
teeth upon their circumference, so that the teeth of each 
wheel falling between those of the other, the one necessarily 
pushes forward the other. When teeth are thus affixed to 
the circumference of a wheel, they are termed coga; upon an 

axle, they are termed leaves, while the axle itself is called tL pinion. 

Fig. 76 represents a combination 
of wheels and axles for the trans- 
mission of power. If the teeth on 
the axle of the wheel c act on six 
times the number of teeth on the 
circumference of the second wheel, 
the second will turn only once for 
every six turns of the first In the 
same manner the second wheel, by 
turning six times, turns the thiid 
wheel once ; consequently, if the proportion between the wheels and their 
axles be preserved in all three, the third turns once, the second six times, 
and the first thirty-six times. Now, as the wheel and axle act fai all respects 
like a simple lever, and a combination of wheels and axles as a eombin** 
tion of levers, there is no difficulty in understanding how a mechanical ad- 
vantage is gained by this contrivance. The power is to the weight as the 
product of the diameter of all the axles is to the product of the diameter of 
all the wheels. Thus, if the diameter of all the axles be expressed by the 
numbers 2, 3, and 4, and the diameters of the wheels, c^/ and ^, be expressed 
by the numbers 20, 26, and 30, then power will be to the weight as 2X3 X 
4=24, is to 20X26X30=16,000 ;— or a power of 24 at the first wheel will 
balance 16,000 at the axle of the last wheel 

219. One of the most familiar instances of combined whed* 
work is exhibited in clocks and watches. One turn of the axle 
pn which the watch-key is fixed, is rendered equivalent, by a 
train of wheel- work, to about 400 turns, or beat^ of the bal 
anoe-wheel ; and thus the exertion, during a tew seconds, of 

the hand which winds up, gives motion for twenty-four, or thirty hours. By 

YiQ^ *l^ increasing the number of wheels^ ^jq, 77. 

time-pieces are made which go for 

or a greater length of time. 

Wheels may be connected 

communicated ftx>m one 

the other, by bands, or belts, as well 

as by teeth. This principle is seen in the spinning-wheel and common 

turning-lathe. A spinning-wheel, as a c, Fig. 76, of thirty mches in drcum- 
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Fig. 78. 




Fia. t9. 



fereooe, turns bj its band a amaller wheel, or spindle, 6, of half an inch, sixty 
times for ereiy revolution of a c 

When the wheel is intended to revolve in the same direction with the one 

fiom which it receives its motion, the band is attached as in Fig. 76 ; but 

^hen it is to revolve in a contrary direction, the band is crossed, as in Fig. 77. 

In many wheels power is commuuicated by means of a weight appUed to 

the circumference. 

Li the tread-mill (Fig. 78) a number of persons 
stepping upon the circumierenoe of a wheel cause 
it to reTolva Similar machines are often adopted in 
ferry-boatS) moved by horses, and called "horse- 
boats." 

In most water-wheels, power is obtained by the 

rr action of water applied to the circumference of the 

wheel, which is caused to revolve, either through the 

weight, or pressure of the water, or by both conjointly. 

What Is a ^ 220. The Pulley is a small wheel fixed in 
^ a blocks and turning on an axis, by means of 
a cord, which runs in a groove formed on t^e edge of the 
wheeL 

This simple machine is represented in Fig. 79. 

220. Pulleys are of two kinds ; 
— fixed and movable. 

221. By a fixed pulley we 
mean one that merely revolves 

on its axis, but does not change its place. 

Figs. 79 and 80 are illustrations of fixed 

pulleys. In Fig. 80, C is a small wheel turning upon its 

axis, around which a cord passes, having at one end the 

power P, and at the other, the resistance, or weight, W. It 

Fig. 80. is evident that by pulling the cord at P, the weight, W, must 

^ ^>y^ ascend as much and as fast as the cord is drawn down 

f \ As, therefore, the power and the weight move with the 

same velocity, it is dear that they balance one anothei; 

and that no mechanical advantage is gained. 

In all the applications of power there are always soma 
directions in wbidi it may be exerted to greater advan- 
tage and convenience than others; and in many cases 
the power is capable of acting in only one particular di- 
rection. Any arrangement of machinery, therefore, which 
will enable us to render power more avail^le, by apply- 
ing it in the most advantageous direction, is as convenient 
and valuable as one which enables a small power to balance or overcome a 
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great weight Thus, if we wish to applj the strength of a hone to lift a 
heavy weight to the top of a buildings we should find it a difficult matter to 
accomplish directly, since the horse exerts his 
strength mainly, and to the best advantage, in 
drawing horizontally ; but by changing the di- 
rection of the power of the horse, by an ar- 
rangement of fixed pulleys, as is represented 
in Fig. 81, the weight is lifi;ed most readily, 
and the horse exerts his power to the best ad* 
. vantage. 

223. A fixed pulley is most 
SS^wuS: tiseful for changing the direc- 
tioiM of i&zed tion of power, and for apply- 
pulleyif ^ power advantageously. 

By it a man standing on the ground can raise 
a wei^t to the top of a building. A curtam, a flag, or a sail, can be readily 
raised to an elevation by a fixed pulley, without ascending with it, by draw- 
ing down a cord running over the pulley. 

T«rhati»»moy. 224 A MovABLE PuLLEY differs from a 
ibiepuuej? fix^ pulley in being attached to the weight ; 
it therefore rises and falls with the weight. 

fig. 82 rei»reeents a movable pulley, B, associated, as it 
most commonly is, with a fixed pulley, C. The movable pulley, 
B, is often called a "Runner.'^ 

226. Id the fixed pulley. Fig. 80, it will be 
^b^^in'lfd readily «^^ ^^^ to move the weight, W, at 
by the use of a one end of the cord, passing over the pulley, a 
jJJ^ ^ ' greater weight must be applied at P, for if P 
is only equal to W, they will balance one an- 
other. I( however, we fasten one end of the cord to a fixed support, as at 
•F, Fig. 82, and pass it under the groove in the movable pulley B, to which 
the weight, W, we desire to raise is attached, and then carry it over the fixed 
pulley 0, we may lift; a force of 100 pounds at W by an application of 60 
pounds at P. To understand this, we must remember that the weight W ia 
supported by the cords B F and B C on each side of the movable pulley B; 
and as each are equally stretched, the weight must be equally divided be- 
tween them ; or,, in other words, the point of support, F, sustains half tho 
weight, and the power, P, the other half. A person, therefore, pulling at T, 
will raise the weight by exerting a force equal to its halt But the cord at P 
must move through two ffeet to raise the weight W one foot. 

When still greater power is required, pulleys are compounded into a system 
containing two more single pulleys, called Blocks, and these again are com- 
bined in a compound system of fixed and movable puUeys. 

A single movable puUey may be so arranged that the power will sustain 
three times its own weight Such an arrangement is represented in Fig. 83. 
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In thia we have four cords, one emplojed in sustaining the 
power, P, and the other sustaming the weight; conse- 
quently the power will be to the weight as 1 to 3. In 
Fig. 84^ we have two blocks^ each containing two single 
pulleys. The rope is thus divided into five portions, each 
equally stretched; one is employed in supporting the 
power P, and four sustain the weight With this system 
a power of 1 will balance a weight of 4. 

226. In all these arrangements of pul- 
leys, the increase of power has been gamed 
at the expense of tune, and the space 
passed over by the power must be double 
the space passed over by the weight, mul- 
tiplied by the number of pulleys. That is, in the case of 
the single pulley, the power must pass over two feet to 
raise the wei^t one foot; and with two movable pulleys, 
as in Fig. 84, the power must fall four feet to raise the 
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weight one fi)ot. 

Instead of folding the string on the pulleys entire, it is 
sometimes doubled into separate portions^ each pulley 
hanging by a separate cord, one end of which is attached 
to a fixed support. Here a very great mechanical advan- 
tage is gained, attended, however, with a corresponding 
loss of time. In an arrangement of such a character, re- 
presented m Fig. 85, the weight "W, is supported by the 
two parts of the cord passing round the movable pulley, 
C ; and as each of these parts is equally stretched, the 
fixed support will sustain one half Uie weight, and the 
next pulley in order above C, namely B, may be consid- 
ered as sustaining the other half But the two parts of 
the string which support the pulley B, again divide the 
weight, so that th-^ pulley A, which ia attached to one of 
them, only sust£uns one quarter of the first weighty W. 



The string which passes around A again divides this 
wdght^ so that each part of it sustains only one eighth 
of W. The fixed pulley serves merely to change the 
direction of the motion. In this system, therefore^ a 
power of 1 will balance a wdght of 8. 

227. In general, the advan- 
tage gained by pulleys is found 
by multiplying the number of 
movable pulleys by two, or by 
multiplying the power by the number of 
folds in the rope which sustains the weighty 
where one rope runs through the whole. 
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Thus a ireigfat of 72 pounds maj be balanced by fiKir movable polleyi by 
a weight or power of 9 pounds; with two pullejrs, by a power of 18 pounds, 
with one movable pulley, by a power of 36 pounds. 

These rules apply only to movable puUeys in the same block, when the 
parts of the rope which sustain the weight are parallel to each. The mechan- 
ical advantage which the pulley appears to possess in theory, is considerably 
diminished in practice^ owing to the stiffiiess of the ropes, and the friction of 
the ropes and wheels. From these causes it is estimated that two thirds of 
the power is lost When the parts of the oord are not parallel, the strength 
of the pulley is very greatly diminished. 

„^ ^ -_ 228. Fixed and mov- 

What are Cranes ,, „ , 

and Derricks, able pulleys are arranged 
TackieandFaU? ^ ^ g^at variety of 
forms, but the principle upon which all are 
oonstmctedisthesame. What is called a 
" tackle and fall," or " block and tackle," 
is nothing but a pulley. Cranes and 
derricks are pieces of mechanism usually 
consisting of combinations of toothed 
wheels and pulleys, by means of which 
materials are lifted to different elevations 
—as goods from vessels to the wharves, 
building materials from the ground to 
the stage where the builders are en- 
gaged, and for similar purposes. One 
of the most simple forms of movable 
eranes is represented in Fig. 86. It 
consists of a strong triangular ladder, at 
the top of whi^h is a fixed pulley, C, 
over which the rope attached to the ob- 
ject to be elevated passes, and is carried 
down to the cylindrical axle, T, upon 
which it is wound by means of bars in- 
serted in holes, or by a crank. This 
ladder is inclined more or less from the 
upright position by means of a rope, 
D, which is attached to some fixed point 
at a distance. 

229. The Inclined Planb consists of a hard 
plane sni^ace, inclined at an angle. 




What is an In- 
dined Plane I 



Illasirate the 
vse of an In- 
clined Plane. 



In Fig. 87, a & e repre- 
sents an inclined plane. 
230. If we attempt, for 
instance, to raise a cask, or any other 
heavy body into a wagon, we may find 
that our strength is unequal to liftmg it 

6» 
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directly, while to haul it up hy pullejs would be.reiy inoonvenient^ if not 
impoflsible. We may, however, aooomplish our object with comparative ease 
by rolling the cask up an inclined plank, and oxerting our force in a direction 
parallel to the inclined sur&ce of the plank. 

The plank, in this instance, forms an inclined plane^ and we 
derire a me- gain a mechanical advantage^ because it supports a part of 

Ml iodioed If we place a body iipon a horissontal plane, or surfiuse, it is 
plane? evident that the sudace will support its whole weight; if we 

incline the surface a little, it will support less of the weight, and as we elevate 
it more, it will continue to support less and less, until the suilace becomes 
perpendicular, in which case no support will be afforded. 

231. The advantage gained* by the use of the inclined plane may be esti- 
mated by the following rule : 

Hoir can we 232. The power is to the weight as the per- 
!d^^to^^. pendicular height of the plane is to its length. 

*f th^ faufiin ^d ^^^ this it will appear that the less the height of the in- 
plane f clined plane, and the greater its length, the greater will be 
the mechanical advantage. Thus, in Fig. 88, if the plane, o 
d, be twice as long as the height, e d, Fia. 88. 
one pound at p, acting over the pulley, 
would balance two pounds any where 
between c and d^ If the plane, c d, 
were three times the length o( d e, 
then one pound at p would balance 
three pounds any where on the plane, 
c d, and so of all other quantities and 
proportiona 

233. Koads which are not level may be considered as in- 
timate*the SJ^ dined planes, and the inclination of a road is estimated by 
eUnation of the height which corresponds to some proposed length. Thus, 
'^^^ we say a road rises one foot in twenty, or one in fiity, mean> 

ing that if twenty or fifty feet of the road be taken, as the length of an in- 
dined plane, the oorreepondmg height of sudi a plane would be one foot, and 
the difference of level between the two extremities of such a length of road 
would be one foot. 

According to this methqd of estimating the indination of 
ToadB *to^ be roads, the power -required to sustain, or draw up a load, frb- 
aonstnieted ? ^j^ ^j^ considered, is always proportioned to the rate of ete- 
vation. On a level road, the carriage moves wl£n the hone exerts a strength 
Buffident to overcome the friction and resistance of the atmosphere ; but in 
gomg up a hill, where the road rises one foot in twenty, the horse, beside 
these impediments, is obliged to exert an extra foroe in the proportion of one 
to twenty, or, in other words, he is obliged to lift one twentieth of the load. 
It is, therefore, bad poli<gr ever to construct a road directly over the summit 
of a hill, when it can be avoided, because, in addition to the foroe necessary 
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to overoome the fiictioii ia drawing a heavj load up the iteep incline^ wo 
must add additional force to oreroome the gravitj, which acts parallel with 
the inclined plane of the road, and tends constantly to make the load roll 
hack to the bottom of the slope. This force mcreases most rapidly with the 
steepnesSi and consequently requires an immense expenditure of power. 
An equal power expended on a road gently wind'mg round the hUl, with aa 
mcreaae of speed, would gain the same elevation in much lees time. 

An intelligent driver, in ascending a steep hill on which there is a broad 
road, winds from side to side, since by so doing he diminishes the abruptness 
of the ascent (the plane being made longer in proportion to its height), and 
thus fiivors the horses. 

Our common stairs are inclined planes, the steps being merely for the pur- 
pose of obtaining a good foot-hold. 

234. In the inclined plane, as in all other sunple machines^ 
^^d" i?*tiSe * 8*"^ ^ power is attended with a corresponding loss of time, 
expenaeoftime A body, in ascending an inclined plane, has a greater space 
fa^etodiaed ^o pass over than if it should rise perpendicularly. The time, 
therefore, of its ascent will be greater, and it will thus oppose 
less resistance, and consequently require less power. 

What IB a 235. The Wedge is a movable 

Wedge? inclined plane. It is also defined 
to be two inclined planes united at their bases, 
as A B, Fig. 89. 

In the incUned plane, the weight moves upon the plane, 
which remains stationary ; but in the wedge, the plane Itself 
is moved under the weight 

236. The cases hi which wedges are most 
are^ Wedges generally used in the arts, are those m which 
uBed in the mi intense force is re^iuired to be exerted through a veiy small 
^ space. It is, therefore, used for splitting masses of wood, or 

stone, for bloddng up boildiiigs, raising vessels m docks, and pressing out the 
oil from seeds. In this last instance, the seeds are placed in bags^ between 
two surfiMee of hard wood, which are pressed together by wedgea 

Upon what 237. The usefulness of the wedge depends 

e22"*of*°Si on friction ; for if there were no friction, the 
Wedge da- wedgc would fly back after each stroke of the 

driving force. 
How doe. the 238. The power of the wedge increases as 
?^l[e fa.*^ the length of its back, compared with that of 
^"^^^ . its sides, is diminished. Hence, it follows that 
the power of the wedge is in proportion to its sharpness. 

The power commonly used in the case of the wedge, is not pressur^ but 
percoflsioD. Its edge being inserted mto a fissure, the wedge is driven in l^^ 
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blow* upon its back. The tremor produced when the wedg« is ^^"^^ 
a violent blow, causes it to msinuate itself much more rapidly than it ottier. 

wise would. ^^^ ^^ ^^^ ^ ^ cutting and piercing instruments^ 

such as knives, razors, chisels, nai^ pins, etc^ are wedgea. 
The angle of the wedge in ail these cases is more or 
less acute, according to the purpose to which it is applied. 

Chisels intended to cut wood have their edges at an angle of 

about 30° ; for cutting iron from 60o to 60<>, and for brass about SQO to 90^. 
In general tools which are urged by pressure admit of being sharper thai 
those which are driven by percussion. The softer, or more yielding tiw sub- 
stance to be divided is, the more acute the wedge may be constructed. ^ 

. ^ 240. The Screw is an inclined plane wind- 

What to the •!• j 

8««wf mg round a cylinder. 

This may be illustrated by cuttmg a strip 
0f paper in such a way as to represent an in- 
dmed plane^ and then winding it round a 
cylinder, or common lead pencil, as is repre- 
sented in Fig. 90. 

241. The edge of the 

What to the ... ,1 • J* 

Thread of a inclined plane winaing 
^""^^ about the cylinder, or 

the coil of the spiral line which 
it describes upoD the cylinder, con- 
stitutes the Thread of the screw, 
and the distance between the suc- 
cessive coils is called the distance 

BETWEEN THE THREADS. 

The screw, surrounded by its spiral line is represented m Fig. 91. 

The screw is not applied directly to the resistance to be FiG. 91. 
overcome, as in the case of the inclined plane and wedge, but 
the power is transmitted by means of what is called the Nut. 

242. The Nut of a screw is a 
block, with a cylindrical cavity, 

having a spiral groove cut round upon the 
surface of this cavity corresponding with the 
thread of the screw. 

In this groove the thread of the screw will move by causing 
the screw to rotate. Each turn of the screw in the nut will cause it to advance 
or recede a distance just equal to the interval between the threads. 
Is the Screir. Generally, the nut is stationary and the screw movable, but 
or the Nat, ^]lq x^^t may be movable, and the screw stationary. 
movaUef '' 
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How is power ^^* ^^^^^ ^ commonly applied to the acreir by means of 
applied to tile a lever, either attached to the nut^ or to the head c^ the lerew; 
^*^^ ' as seen in Fig. 92. By varying the length of this, the power 

may be hidefinitely increased at the point of resistance. The screw, tba«- 
fore, acts with the combined power of the lever and the mdined plane. 

Thus, in Fig. 92, /d is the lever, cthe nat» 
a d the screw, and e the block upon which the 
sabstanoe to be pressed is placed. As in all the 
other simple machines, the advantage in tins is 
estunated by the relative distances passed over 
by the power and the weight If Uie distanoe 
of the spiral threads of the screw is 1 faich, and 
the handle of the screw, that is the lever, is 2 
feet in length, then the extremity of the lever 
will describe a circle.of over 12 feet in taming 
once round, but the screw will only advance 1 
inch. The ratio between the power and the 
weight will be, therefore^ as 1 inch to 12 feet, or 
as 1 to 144. Consequently, if a man is capable 
of exertmg a force of 60 pounds at the end of the lever, the screw wiU ad- 
vance with a force of 8,640 pounds. If the distance of the threads had been 
\ an inch, the power exerted by the screw would have been doubled. In 
this illustration friction has not been taken into account; this will diminish 
the total effect nearly one fourth. 

How if the ad. 244. The advantage gained by the screw is 
by"^ s^w ^^ proportion as the circumference of the circle 
•"**"*»*«*' described by the power (that is by the handle 
of the lever) exceeds the distance between the threads of 
the screw. 

Hence the enormous medianical force exerted by the screw is rendered 
evident There is no limit to the smallness of the distance between the 
threads except the strength it is necessary to give them ; and there is no limit 
to the magnitude of the circumference to be described by the power, except 
the necessary &cility for moving it Fia. 93. 

What a« fa- 246 The screw is 
miliar appiiea- generally used where 
tee'wf*' **** 8*^* pressure is to be 
exerted through small 
spaces; hence its application in presses 
<^ all kinds; for extracting the juices 
of seeds and fruits, in compressmg cot- 
ton, hay, etc., as also for coining and 
punching. For the two latter opera- 
tions it is caused to act with enor- 
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mous energj by means of the momentum of two heavy balls attached to the 
end of a long lever, or handle, as is represented in Fig. 93. A fi»ce o£ sev- 
eral tons may thus be applied at one effort 

When the thread of a screw j^q^ ^ 

^tdieat to«ir f ^^^ ^ ^ ^® ^^th of a wheel, as 
is shown in Fig. 94, it constitutes 
what is called an endless screw. Such a con- 
trivance is oftentimes a very convenient method 

of applying power, 

246. The efficacy of a screw 
increases with the fineness of 
the thread; but a practical limit 
is soon attained, for if the thread 
be made too fine, it will become 
weak, and be liable to be torn off. To obtain 

an indefinite increase of the strength of the screw 
without diminishing the strength of the thread, we 
have a contrivance known as " Hunter's screw," rep- 
resented in Fig. 96. It consists of a screw, A, work- 
ing in a nut To a movable bottom-board, D, a sec- 
ond screw, B, is affixed. This second screw works in 
the interior of A, which is hollow, and in which a 
corresponding thread is cut When, therefore, A is 
screwed downward, the threads of B pass upward, and 
the movable piece, D, urged forwMd by the screw 
which has the greater thread, it is drawn back by that 
which has the less ; so that during each revolution the 
screw instead of being advanced through a space equal 
to the breadth of either of the threads, moves through a space equal to their 
difference. Suppose the distance between the threads of A to be l-20th of 
an inch, and of B 1-2 1st of an inch ; then in turning the screw A onoe^ the 
board D will descend a distance equal to the difference between l-20th and 
1-2 1st, or the l-420th of an mch. Hence, if the drde described by the han- 
dle be 26 inches while the screw advances l-420th of an inch, the power will 
be to the weight as 1 to 8,400. 

247. All machines, however complicated, are made up of combinations of 
the six simple machines. If we examine the construction of any complex ma- 
chine, as a steam-engine, a loom, a spinning machine, or a time-piece, we 
shall find that they are composed of simple levers, wheels and axlee^ 
screws, etc., connected together in an endless variety of formsi to form a 
complete whole. 

I th ovi ^^ ^^^ practical application of machinery, it rardy or never 

force in ma- happens that the moving force is capable of producmg directly, 
^aTZxecUrt *^ particular kind of motion required by tiie machine to per- 
form the work to which it is adapted. Expedients must 
therefore be resorted to, by means of which the motions which the moving 
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power 18 capable <tf exerting dinctlj can be oonverted into those wbkh are 
neceasaiy &x the pnipoeee to whiob the machine is f^pUed. 

H<nr nuny 248. The Varieties of motion which occur in 
idndfl of mo- machinery are divided into two classes, viz. : 

uon vn con- *f 

ridw^inma- Rqtaby and Rbctilinkar Motion. 
wh.ti.Robi. 249. In Rotary Motion, the several parts 

ryMotionr jevolvc round an axis, each performing a com- 
plete circle, or similar parts of a circle, in the same time. 
250. In Rectilinear Motion, the several parts 
tiunear ut of a moving body proceed in parallel straight 

**° lines with the same speed. 

Examples of rotary motion are seen in all kinds of wheel wcx'k, and exam- 
ples of rectilinear motion in the rod of a common pump, the piston of a steam- 
engine, the motion of a straight saw. 

wlMtlsBeei ^^ "^^^^^ *°^ rectilinear motion, if the parts move con- 

roeating Mo^ stantly in the same direction, the motion is called continued 
**®°* rotary, or continued rectilinear motion. If the parts move 

alternately backward and forward in opposite directions, passing over the 
same spaces fix)m end to end continually, the motion is called reciprocating 
motion. 

How are iota- 25L The method by which a power having one of these 
lyand redpro- motions may be made to communicate the same or a dififerent 
S^rTrtS^^kito kind of motion, involves a lengthy description of a great 
each ottier? variety of machmery ; but the most simple and common plan 
of converting rotary motion into rectilinear, and rectilinear motion back again 
into rotary, is by means of what is called a Orank. 

wbat to • 252. The Ckank is a double winch, or han- 
Crank? ^j^^ ^^^ jg formed by bending an axle so as 
to form four right angles, facing in opposite directions. 

It is represented complete in Fig. 96. Attached j^^ ^^^ 

to the middle of D, by a joint, G, is a rod, H, 
which is the means of imparting power to the crank. 
This rod is driven by an alternate motion, like the 
brake of a pump. The bar C D is turned with a ■ 
circular motion round the axle A F * 
What diiad- '^^^ disadvantage attendmg the 
vaatages at- use of the crank is, that it is incapa- q 

rfthe^Snlfr ^^® ^^ transmitting a constant force 

to the sesistanoe. This is illustrated in Fig. 97. In No. 1, 

* The terms exta, axle, arhor, and shaft, in meehanles, are generally understood to 
mean the har, or rod, trhich passes through the center of a wheel. A gudgeon is the pin, 
or sopport, on trhidh a horisootal shaft turns ; the pins upon whidi an upright shaft turns 
are called pivots. 
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where tiie arm of the crank is horizontal, the power 
from the rod acta with the greatest advantage, as 
at the extr^nity of a lever. But when the rod 
which communicates motion stands perpendicular 
with the arm of the crank, as in No. 2, which is 
the case twice during every revolution, the power, 
however great, can exert no effect upon the resist^ 
ance, the whole force being expended in producing 
pressure upon the axle and pivots of tiie crank. 
Such a situatiq]^ of the rod and the arm of the 
crank is called the dead pointy and when the ma- 
hinery stops, as is often the case, it is said to be 
<*Bet," or "caught on its center." The difficulty is 
^nerally overcome by the employment of a fly- 
wheel (§ 21), which, by its inertia, keeps up the 
motion. 

SECTION II. 



rBIOTION. 

What proper- 253. The most serious obstacle to the per- 
22rchfn?^*''iS fection of machinery is Friction; and it is 
lost b7 friction? |jgually Considered to destroy one third of the 
power of a machine. 

254 Friction is of two kinds : sliding and 
kiSds of*^ rolling. Sliding friction is produced by the 

ttoaaretheref ,. ,. -, • /» _i \\ 

shdmg, or draggmg of one surface over another ; 
rolling friction is caused by the rolling of a circular body 
upon the surface of another. 

Friction increases as the weight, or pressure increases, as 
SminCTMM f" *^® surfaces in contact are more extensive, and as the rough- 
ness of the sur&ces increasa With surfaces of the same 
material, friction is nearly proportional to the pressure. 

Friction diminishes as the weight or pressure is less, as the 
polish or smoothness of the moving surfaces is more perfect, 
and as the surfaces in contact are smaller. It may also be 
diminished by applying to the surfeces. some unguent, or greasy material: 
oils, tallow, black-lead, etc., are commonly used for this purpose; they dimin* 
ish friction by filling up the minute cavities and smoothing the irregularities 
that exist upon the sur&ce.* Oils are the best adapted for diminishing the 
fiiction of metals, and tallow the friction of wood. 

* All bodies, howeyer mnch fhej may l>e polished, appear rough and nneven when. 
examined irith a microsoope. 
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What are the ^^^' ^"^^ dthoTigh an obetucle in the working of m»- 
advantageB of chinerj generally, is not withoat some advantages. Without 
^'^'^^^ friction, the stones and bricks nsed in building wonld tend to 

M apait from one another. When nails and screws are driren into bodies, 
with a yiew of holding them together, it is friction alone that maJTifaufig them 
in their places. The strength of cordage depends on the friction of the short 
fibers of the cotton, flax, or hemp, of which it is composed, which prevents 
them fix>m untwisting. In walking, we are dependent on friction for our 
foothold upon the ground: the difficulty of walking upon smooth ice illus- 
trates this most clearly. Without friction we could not hold any body in the 
hand; the difficulty of holding a lump of ice is an example of this. Without 
friction, the locomotive oould not propel its load; for if the tire of the driving 
wheel and the raQ were both perfectly snKMth, one would slip upon the other 
without affording the requisite adhesion. 

266. Experiments seem to show that the friction of two 
tioa between sur&ces of the Same substance is generally greater than tho 
deferent* iS^ friction of two unlike substances. The friction of polished 
stanoet com- Steel against polished steel, is greater than that of polished 
P*"' steel upon copper, or on brass. So of wood and various 

other metals. 

251. For transporting very heavy timbers, or large castings, 
iS^i" 'naS wheels of great size are used, as by their use the weight is 
fbr traniport. moved with greater facility, and the roughness of the road 
Ing^^ heavy ^^^ easily overcome than with small wheels. The reason 
of this is, that the large wheels bridge over the cavities of the 
road, instead of sinking into them; and in surmounting an obstacle, the large 
drcumferenoe of the wheel, causes the load to rise very gradually. 

The resistance of sliding friction is much greater than that of rolling fric- 
tion. In the whed of a carriage there is rolling friction at the circumference 
of the wheel, but sliding friction at ^e axles. In a locomotive, the so-called 
driving wheels are turned by the force of the steam-engine ; the whole car- 
riage rolls on in consequence of this rotation ; for if the locomotive were to 
remain at rest, the wheels could not revolve without sliding on the rails, and 
overcoming a great amount of sliding friction ; but by rolling, the wheels have 
only the much smaller rolling friction to overcome. The machine, therefore^ 
moves onward, this being the direction in which its motion will experience 
the least resistanca 

The load which a locomotive is capable of drawing depends, not only upon 
the force of its steam power, but also upon the weight of the engine, or, in 
other words, upon the pressure of the driving wheels upon the rails, the fric- 
tion increasing with the pressure. If we assume that two locomotives have 
equally strong engines, but that one is heavier than the other, a greater 
weight will be propelled by the heavier of the two. 

Friction is generally resorted to as the most convenient method of retard- 
ing the motion of bodies, and bringing them to rest The different modificac 
tions of machinery employed for this purpose are termed Brdkea. 
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PRACTICAL PROBLEMS IN MECHANICS. 

1. What malt be the hone-poirer of a loeomotiTe engine which mores at the eonatant 
■peed of 26 miles per hour, on a lerel track, the weight of the train being 60 tone, and the 
resistance from friction being equal to 480 poandsf ? * 

2. If a lerer, twelre feet long, have its fulcmm 4 feet f^om the weight at one end, and 
this weight be 13 pounds, what power at the other end will balance f (j 

3. In a lerer of the first class a power of 20 at one end balances a weight of 100 at the 
other : what is the eomparatlTe length of the two arms r ~ 

4. In a lerer of the first dass, 6 feet in length, the power is 76, and the weight 350 
pounds : where must the fulcrum be placed in order tliat the two may balance t 

/ 5. Two persons carry a weight of 200 pounds suspended from a pole 10 feet long ; one 

N;^ of them bdng weak can carry only 76 pounds, leaTing the rest of the load to be carried 
^ by the other: how fsr from the end of the pole mnst the wdght be suspended f 

6. A lerer of the second dass is 20 feet long : at what distance fit>m the Ailerum mnst 
a weight of 80 ponnds be placed in ordec jtbat it may be sustained by a power of 60 
pounds t / 

7. In a lerer of the third dass, 8 feet long, what power will be required to balanee a 
weight of 100 pounds, the power being applied at a distance of 2 feet from the fulcrum ? IJ~^-^ 

8. A power of 6 pounds is required to Uft a weight of 20, by means of the whed and 
axle : what must be the proportionate diameters of the whed and axle f / ' ^ , 

9. A power of 60 acts on a wheel 8 feet in diameter : what weight auspended frt>m a 
rope winding round an axle 10 inches in diameter will balance this power? A^ /L 

10. In a set of eog-wheels the diameters of wheel and axle are, first 7^ tad 8, 
second 8 and 1, third 9 and 1 : a power of 26 being applied at the circumference of the 
first whed, what weight win be snstidned at the axle of the third t / ^2^-/^-7^ 

IL What wdght will a power of 8 snstain with a system of 4 movable pulleys, one 
^ eord passing round all of themf 

^ , 12, Suppose a power of 100 pounds applied to a set of 2 morable pulleys, what weight 

will it Bustein, allowing a deduction of two thirds for friction f 

13. If a man is able to draw a weight of 200 pounds up a perpendicular wall 10 feet 
high, how much will he be able to draw up a |dank 40 feet long, doping from the tep of 
the wall to the ground, no allowance being made for friction f ^^T^'V 

fi'olutfon.— In this the height (i^O) is to the length (40) as the weight (900) is to the re- 
quired wdght 

14. If a man has just strength enough to lift a cade wdghing 196 pounds perpendicu- 
larly into a wagon 3 feet liigfa, what weight oould he raise by means of a plank 10 feet 
long, with one end resting upon the wagon, and the other on the ground? /^ ' 3 ^ C 

15. The length of a plane is 12 feet, the height is 4 feet : what is the proportion <rf the 
power to the weight to be raised ? / .' 0^ 

10. The distanee between the threads of a serew being half an inch, and the drenmfer- 
ence described by the power 10 feet, what proportion wiU exist between the power and 
the wdght r 

fifoIuMofi.— The power will be to the wdght as half an inch, the distance between the 
threads, is to 10 feet (240 half inches), the drcumferenee described by the power-1 to 240. 

17. A power of 20 pounds acting at the end of a lerer attached to a screw describes a 
drde of 100 inches; what redstanee will the power OTorcome, the distanee between the 
threads of the screw being 2 inches? ^ _ l 



CHAPTER VII. 

ON THE STRENGTH OP MATERIALS USED IN THE ARTS, AND 
THEIR APPLICATION TO ARCHITECTURAL PURPOSES. 



SECTION I. 

Oir THB STRENQTH OF MATEBIALS. 



tTponiriuttdMs 258. When materials are employed for 
^mItS2a*d2f mechanical purposes, their power, or strength, 
pendf • £jjj. regjgting external force, apart from the na- 

ture of the material, depends upon the shape of the 
material, its bearing, or manner of support, and the nature 
of the force applied to it. 

Uttderwhatdr- 259. A beam, or bar, will sustain the greatest 
rbS!S°!SuS application of force, when the strain is in the 
gj^gr«tert direction of its length. 

260. The strongest of all metals for resisting tensbn, or a 
■trength of dif^ direct pull, is iron in the condition of tempered steel The 
ferent sabstan- strength of metals is affected by their temperature, being 
"^ ^*'^ diminished, in general, as their temperature is raised. Wood 

of the same kind is subjected to very great variations of strength. Trees 
that grow in mountainous or windy places, have greater strength than 
those which grow on plains; and the different parts of a tree, such as the 
root, trunk, and branches, possess different degrees of strength. Cords of 
equal thickness are strong in proportion to the fineness of their strands, and 
also to the fineness of the fibers of these strands. Ropes which are damp, 
are stronger than those which are dry ; those which are tarred than the un- 
tarred, the twisted than the spun, the unbleached than the bleached. Other 
things being equal, a rope of silk is three times stronger than a rope of fiax. 

How does the 261. Of two bodies of similar shape, but of 
i^f a^body (jjfferent sizes, the larger is proportionably the 
»*«"8*'*- weaker.** 

* A knoirledge of the rtrength of vftrioas nutterlals in redsttng the action of forces ex- 
erted in different directions, is of great importance in the arts. In the following tables 
are oollected the results of the most recent and extenrtre experiments npon this suljecL 
The bodies sabjected to experiment are supposed to be in the form of long rods, the cross- 
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That a large body may have the proportioiiate Btrength of a smaller, it mtisi 
cohtain a greater proportionate amount of material ; and beyond a certain 
limit, no proportions whatever will keep it together, but it will &11 to pieces 
by its own weight This fact limits the size, and modifies the shape of most 
productions of nature and art— of trees, of animals, of architectural or median- 
ical structures. 

In what pod- ^62. The strength of a rectangular beam, or 
faTiTgi^^b^ a beam in the form of a parallelogram, when 
the strongest? j^ narrow Bide is horizontal, is greater than 
when its broad side is horizontal, in the same proportion 
that the width of its broad side is greater than the width 
of its narrow side. 

Hence, in all parts of structures where beams are subjected to transverse 
strain, as in the rafters of roofs, floors, etc., they are always placed with their 
narrow sides horizontal, and their broad sides vertical 



Motion of vhieh meMores a sqnare 
breaking weight!, vhich are the 

Name. Ite. 

1st Metals;— 
Steel, tem^red. . . .from 114704 to 



Iron, bar 


»4 


5318-i — 


— plate, roUed.. 


tl 


53920 


~ wire 


*» 


687M— : 


~ Swedish mal- 






leaUe 


it 


73064 


— English do.. 


• t 


66872 


— east 


(t 

• i 


16243 — 


SUver, cast 


40997 


Copper, do. 


tt 


20320 — 


— hammered. 


tt 


87770 — 


Brass, cast ^^ t „ 


(t 


17947 — 


— wire 


(t 


47114 — 


— plate 


•t 


62240 


Gold 


tt 


20490 — 



iii«lk ; In the second eolnnm Is gfren the amoant of 
of their strength in resisting a direct pnil. 

Nome. Iba. ' Dw. 

MeUhi;— 
Tin, cast... 

Zinc " 

Lead, wire " 



163471 
84611 



112905 



19464 
— 373S0 



19472 
68931 



Tin.. 



.from 4736 



2643 to 3828 



.. »» 12916—16406 

.. " 9630 

.. " 12226 

.. tt 9720— 15M0 

.. " 10240 

.. '* 10367— S6861 

.. " 11453 — 21730 

.. " 14210— «40« 

.. " 13480-. 23466 

.. •» 10038 — 14965 

. . " 6991 — 12876 

The following table shows the average weights sustained bj wires of different metals, 
each having a diameter of about one twelfth of an inch ; 



2d. Woods ;— 

Teak 

Sycamore. . 

Beech 

Elm 

Larch 

Oak 

Alder 

Box 



Pine. 
Fir... 



Tin... 
Zine. 
Gold. 



27 pounds. 

84 " 
109 *• 
150 »» 



Silver 187 ponnds. 

Platinum 274 " 

Copper 803 •» 

Iron. 649 " 



Cords of different materials, but of the same diameter, sustained the following weights : 

Common flax 1175 pounds. I New Zealand flax 2380 pounds. 

Hemp 1633 " | Silk ..3400 »' 

The following table shows the weights necessary to crush columns or pillars composed 
of different metals; the numbers expressed in the second oolonm being the total emsh- 
ing weight in lbs. per square inch : 



Nairn. llM. 
1st Metals: 
Cast iron f^om 116818 to 


Ite. 
177776 


2d.WoSd8:— 
Oak 


Ite. ite. 
...from 8860 to 614T 


Brass, fine ** 164864 


Pine 


... " 1928 


Copper, molten.... ♦• 117088 

- hammered. »• 108040 

Tin, molten »» 16466 




... »» 1284 


8d. Stones:— 
Granite 


.. *' 4m 




Sandstone 

Brick, weU baked.. 


... " 2866 
... " 1009 



ON THE STBBNGTH OF HATEBIALS. 
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The strength of a structure depends^ in a very great degfee, on the manner 
fn which the several parts are jomed together, and by a skillftd combination, 
or interlocking, very weak and fragile materials may be made to resist the 
action of powerful forces. Examines of this occur in the manufacture of 
ropes, strings, thread, etc. ; in the weaving of baskets, and especially in the 
structure of doth; in this last instance, a series of parallel threads oJled the 
YiQ 93^ *ooo/j ia made to interlock with 

^.^, another series of threads called 

~rl"T^ l~rf I Np' 1^1 1^ I HH Hp^ *^® wa/rpj running transversely 



across, and passmg alternately 
over and under the first series. 



■^ 1-^-1 J-TT^ 1-^,41^ ^1 " i|Hr- uyor »uu uuutsr mio uret oerit^ 

nr ! NprjT^ ^"TlQTSddC ^fi»* ^® represents the appear- 
IZTlilM— H-^^idO ance of a piece of plain cloth 



inTiririlXimiii 



piece of plain cloth 
seen through the microscope; 
the alternate intersections of 
the threads are seen in the 
lower figure, the dots repre- 
sentmg the ends of the warp 
threads, and the cross line the woo£ 

263. When a single beam can not be found deep enough 
to have the strength required in any particular case, several 
beams may be joined together, in a variety of ways, so that 
very great strength is obtained without a very great increase 
of bulk. Such methods of joining timber are known as 
scarfing and interlocking, tonguing, dovetailing, mortis- 
ing, etc. 

Fia. 99. 




264. Scarfing and interlocking is the methoi 

iDg and inter- of iuscrtiou iu which the ends of pieces over- 

lay each other, and are indented together, so 

as to resist the longitudinal strain by extension, as in tie 

bearers and the ends of hoops. (See Fig. 99.) 

265. Tonguing is that method of insertion in which the 
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What ifl 
toDgvingf 

What lido?*- 

taiUng? 




What if n 
tUIng? 



TlQ. 101. 



edges of boards are wholly, or partially received 
by channels in each other. 

266. Dovetailing is a Fio. loo. 
method of insertion in 

which the parts are connected by ; 
wedge-shaped indentations which per- 
mit them to be separated only in one 
direction. (See Fig. 100.) 

267. Mortising is a method of insertion in 
which the projecting extremity of one timber is 

received into a perforation in another. (See Fig. 101.) The 

opening or hole cut in 
one piece of wood to re- 
ceive or admit the pro« 
jecting extremity of an- 
other piece, is called a 
mortise ; and the end of 
the timber which is re- 
duced in dimensions so 
as to be fitted into a mor- 
tise, for fastening two timbers together, is called a tenon. 

268. The form in which a given quantity of 
matter can be arranged in order to oppose the 
greatest resistance to a bending force, is that 
of a hoUow tube, or cylinder ; and the strength 
of a tube is always greater than the strength 

of the same quantity of matter made into a solid rod. 

-^ The most beautiful and striking illustrations of this princi- 

luHtrations of pie occuT iQ nature. The bones of men and animals are hoi- 
this principle? j^^^ ^^ j^^^ij cylindrical, because they can in this form, 
with the least weight of material, sustain the greatest force. The stalks of 
numerous species of vegetables, especially the grain-bearing plants, as wheats 
rice, oats, etc., which are required to bear the weight of the ripened ear of 
grain, or seed, are hollow tubes, and their strength, compared with their 
lightness, is most remarkable. In this form they not onlj sustain the crush- 
ing weight of the ear which they bear at the summit, but also the force of the 
wind. In the construction of columns for architectural purpose^ especially 
those made of metal, this principle is taken advantage of.* 
* In that most glgantlo work of modem englaeeriiig, the Bcttuuda Tabidw Brldg«» 




In what form 
can a given 
qnantitj of 
matter be ar- 
ranged to op- 
pose the great- 
est renBtaooe? 
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^^ 269. A beam, Bopparted at its two «idi» when bent by iti 
benf in the weight m the middle^ has its liability to break greatly in* 
SbrtMkf^**^ creaaed, because the destroying force acts with the advantage 
of a long lever ^ reaching finom the end of the beam to the cen- 
ter ; and the ruisUng force or strength acts only with the force of a ihori lever 
from the side to the center; at the same time, a little only of the beam on the 
under side is allowed to resist at all 

This last circumstance is so remarkable, that the scratch of a pin on the 
under side of a beam, resting as here supposed, will flometimes suffice to begin 
the fracture. 

SECTION II. 

AFFUOATIOir or XATEBIALS fOB ABCHUCCTUBAL OB STBtTCTUBAL FUBFOBBi 

WhatiflArohi. 270. Architecture, in its general sense, is tbe 
art of erecting buildings. In modem use, the 
name is often restricted to the external forms, or styles of 
buildings. 

To what do The diflTerentyarieties of architecture undoubtedly owe their 
the diiferent Origin to the rude structures which the climate or materials of 
Irehitecture**^ any country obliged its early inhabitants to adopt for tempo- 
probaMr owe rary shelter. These structures, with all their prominent fea- 
theirorigiBr x\st^ have been afterward kept up by their refined and 
opulent posterity. Thus the Egyptian style of architecture had its origin m 
the cavern, or mound. The Chinese architecture is modeled from a tent; the 
Grecian is modeled from the wooden cabin ; and the Gothic, it has been sug- 
gested, ftt)m the bower of trees. 

On what doei 271. The Strength of a building will princi- 
rhuudiJfpri?- P*Uy depend on the walls being laid on a good 
dpaUydepeDdf ^^^ gj.jjj foundation, of sufficient thickness at 
the bottom, and standing perfectly perpendicular. Its 
usefulness will depend upon a proper arrangement of its 
parts. 

eroMing the Hena! Stralta, wMeh separate the Idand of Angleeea from the mainland of 
Great Britain, advantage baa been taken of the strength of matter arranged in the form 
•fa tube or hollow cyUnder. The entire bridge is formed of immense reetanguUr tabes 
•f iron, 26 feet high in the center, 14 feet wide, and having an entire length of 1618 feet, 
with an deration abore the water of more than 100 feet The sides of the tabes are also 
composed of nuUer tabes, united together in a peculiar manner, so as to obtain the 
maximum of strength from the form of structure; and so great is this strength, that a 
train of loaded ears, weighing 280 tons, and impelled with great yelodtj, deflects the 
tubes in their centers less than three fourths of an inch. The entire weight of the tubes 
ooraposiag this bridge is upward of 10,600 tons, the length of two of the spans, or distances 
between the points of support, being 460 feet each. The same amount of iron in the form 
of a sdid rod or beam, would not probably hare sustained its own weight 
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wbAtiianOar ^*^^* ^ ^^^9 ^^ architecture and engineei- 
ing^ is a cylinder of wood or metal pointed at 
one extremity, and driven forcibly into the earth, to serve 
as a support or foundation of some structure. It is gen- 
erally used in marshy or wet places, where a stable found- 
ation could not otherwise be obtained. 

Why are ooi- ^ constructing columns for the support of the yarious parts 
Dmnt support, of a building, or of great weights, they are made smaller at 
taraer 'atSS *^® *^P *^*"^ ^ **^® bottom, because the lower part of the 
bottom tlua column must sustain not only the weight of the Superior part, 
•**• ***P' but also the weight which presses equally on the whole 

column. Therefore the thickness of the column should gradually decrease 
from bottom to top. 

What is HI 273. An ABCH is a concave or hollow struct- 
•^^ ure, generally of stone or brick, supported by 
its own curve. 

The base of an arch is supported by the support upon which it rests, while 
all the other parts constituting the curve are sustained m their positions by 
their mutual pressure, and by the adhesion of the oraaent interposed between 
their surfiices. 
A continued arch is termed a yault. 

An arch is capable of reeistmg a much greater amount of 
stronger than pressure than a horizontal or rectangular structure constructed 
* ta***?***** ^^ ^® ^^"'^^ materials, because the arrangement of the mate- 
rials composing the arch is such, that the force which would 
break a horizontal beam or structure is made to compress all the particles of 
the arch alikei and they are there&ie in no danger of being torn or overcome 
separately. 

274. The vertical wall which sustauis the base of an arch 

sbutmentr^*^ Is termed an abutment: when there are two contiguoas 

arches, the intermediate supporting wall is called a pier. 

A beautiful application of the principles of the arch exists 

lustrations of ^ ^^ human skuU, protecting the bndn. The materials art 

ttje prindipies jjere arranged in such a way as to aflford the greatest strength 

with the least weight The shell of an egg is constructed 

upon the prindple of the arch ; and it is almost impossible to break an egg 

with the hands, by pressing du-ectly upon its ends. A thin watch-glass, for 

the same reason, sustains great pressure. A dished or arched wheel of a 

carriage is many times stronger to resist all kinds of shocks than a perfectly 

flat wheel A full cask may fall without damage, when a strong square box 

would be dashed to pieces. 

What is an 275. By au order in architecture we under- 
orde^in archi. g^^^ ^ ccrtaiu mode of arranging and decor*^ 
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ating a colamn, and the adjacent parts of the strqctnre 

which it supports or adoroS. 

HowmMajw- 276. Fivc orders are recognized in architect 



S^tan *^ *^"^® — ^^ Doric, Ionic, and Corinthian, de- 
**»«"' rived ftom the Greeks ; to these the Romans 

added two others, known as the Tuscan and Composite. 
What Is a Fi- ^7. A Pilastcr is a square column gener* 

^^^ ally set within a wall, and not standing alone. 
wbatisaPw- 278. A Portico is a continued range of col- 
^^^ umns, covered at the top to shelter from the 
weather. 
wbAtanBu- ^'^^^ Balustors are small columns, or pillars 

"■***' of wood, stone, etc., used in terraces or tops 
of buildings for ornament ; also to support a railing. When 
continued for some distance, they form a balustrade, 
intovhattvo ^^0. Au Order, in architecture, consists of 
SSSJta awS *wo principal members — the column and the 
toctarediTUedr eutablatUTe— cach of which is divided into 
three principal parts. 

What li the 281. The Entablature is the horizontal con- 
Entobutun? tiuuous portiou which rests upon a row of 
columns. 

Intohov many It 18 divided into the aichitraye, which is the lower part of 

CjrtaiatheEn- ^q Entablature; the frieze, which is the middle part; and 

blature dl- ^^ . , • V . ^. • x- ^ 

Tided! the cornice, which is the upper, or prcgectmg part 

, ^ 282. The column is divided into the base, 

latohoirinanj ,,/»,. i . i 

parta to the tho shaft, and the capital 

oolanux divided 7 ' « * 

The base is the lower part, distinct from the shaft ; th« 

■haft is the middle, or longest part of the column ; the capital is the upper, or 

ornamental part resting on 'the shaft. 

. The height of a column is alwajs measured in diameters <^ the column 

itselC taken at the base of the sbdt Thus we saj the height of the Dorio 

column is six times its diameter, and the height of the Corinthian, ten diam* 

etersL Fig. 102 lefMresents the yarious parts of an order of architecture. 

What li the 283. The FaQade of a building is its whole 
^f * front. 

Architecture ought to be considered as a usefhl, and not as 
a fine art It is degrading the fine arts to make them entirely subservient to 
It is out of taste to make a statue of ApdUo hold a candle, or a fine 
6 
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painting stand aa a fire-board. Our houses are for use, and architecture ia^ 
therefore, one of the useful arta. In building, we should plan the inside first, 
and then the outside to cover it It is in bad taste to construct a dwelling- 
house in the form of a Grecian temple, because a Grecian temple was intended 
for external worship, not for a habitation, or a place of meeting.* 

Fio. 102. 



Stylobate, or Pe- 
dflstel 




How maj aa 
estimate of the 
dttrabflitjr of 

•tone for archi- 
tectural pur- 
poses be made? 



284. In selecting a stone for architectural purposes, we maj 
be able to form an opinion respecting its durabilitj and per- 
manence. By vimting the locality trcm whence It was ob- 
tained, we may judge fi*om the surfaces which have been long 
exposed to the weather if the rock is liable to yield to atmosi- 
pherio influences, and the conditions under which it does so. For ezami^ 
if the rock be a granite, and it be very uneven and rough, it may be mt^rred 
that it is not very durable; that the feldspar, which forms one of its oompo- 

* |*foll Henr^ 
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nent parts, is more readilj deoompoaed hj the action of moisture and frost 
than the quartz, which is another ingredient; and therefore it is yerj unsuit- 
able for building purposes. Moreover, if it possess an iron-brown or rusty 
appearance, it maj be set down as highly perishable, owing to the attraction 
which this iron has for oxygen, causing the rock to increase in bulk, and so 
disintegrate. 

Sa2«dstones, termed freestones^ an ill adapted for the external portbns of 
exposed buildings, because they readily absorb moisture; and in countries 
where frosts occur, the freezing of the water on the wet sarfiMse continually 
peels off the external portions, and thus, in time, all ornamental work upon 
toe stone will be de&ced or destroyed. 



CHAPTEK VIIK 

HYDROSTATICS. 

SSJlLSfH*! 285. Hydrostatics is that department of 
drottaticsf Physical Science which treats of the weight, 
pressure, and equilibrium of water,^ and other liquids at 

rest. 

* Water is a fluid eompoaed of ozjgen and hTdrogen, in ih« proportkm of 8 porti <rf 
oxygen to 1 of hjdrogfXL It is one of the most abnndant of all snbstanoes, oonstitntlng 
three fourths of the weight of ttring animals and plants, and eovering aboat tiuree-flltfaa 
of the earth's snr&ee, in the form of oceans, seas, lakes, and riTers. 

In the northern hemiq^here the proportion of land to water is as 419 to 1000; whUe Iq 
the southern hemisphere it is as 129 to 1000. The masdmnm depth of the oeean has never 
been ascertained. Soundings were obtained in the Sooth Atlantie in 1868, between Mo 
Janeiro and the Gape of Good Hope, to the depth of 48,000 feet, or abont mOea. Other 
soundings, made daring the raeont U. S. snrref of tlie Oolf Stream, eztonded to the 
depth of 84,900 fiset without finding bottom. The average depth of the ooeaa has been 
estimated at abool 8000 fkfhoms. 

Notwithstanding this apparent immensity of the ocean, yet, eompared with the whole 
bulk of the earth, itisa mere fitan upon its snrfkoe; and if its depth were represented on 
an ordinary globe, it wovld hardly exceed the coating of varnish plaoed there by the 
mannfaeturer. 

The source of aU our terrestrial waters is the ocean. By the action of evaporation upon 
its snrfiiee, a portion of its water is eonstently rising Into the atmosphere in the form of 
vapor, wiilsh agrin deeeends in the form of ndn, dew, fog, ete. These waters combine to 
Ibrm springs and rivera, which all at last diaeharge into the oceao, the point fh>m which 
Ifaey originally came, thus formtaig A constant round and dnnlation. " AU the rivers 
run into the sea, yet the sea is not fhU," becanse the quantity of water evaporated from 
the sea ezaetly eqnals the qnantity poured Into it by the rivera. In nature, water is 
never iomnd perfeeay pan; that which deaoends as rain is eonteminated by the imparl- 
tiasttvasliesoatof the air; that which rises in springs by the snbetaaees It meeta with 
in the eartlu Any water which contains less than fifteen grains of solid mineral matter in 
a gallon. Is considered as comparatively pure. Some natural waters are known so pure 
that they eoatala only l-80th of a grain of mineral matter to the gallon, bat such instances, 
an Twy nure. Water obtained tnm dtAurent sonress may be elsiisd, as regards coia* 
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^JjggM««2d 286. Liquids have but a slight degree of 
«>»^«' compressibility and elasticity, as compared 

with other bodies. /^yl^ ^^^^li, 

«rv X .« 287. The elasticOy of water 4mj be shown in yarious ways. 

What an Ulat- ,^ « ^ . . ^, * _l_:i ^u ^ c 

tratioM of the When a flat stone is thrown so as to strike the sar£ice of 

€iMiali7o#w«^ water nearij horixontaUft or at a slight angle^ it rebounds 
with considerable Ibroe and frequency. Water also dashed 
against a hard sui&ce shows its elasticitj by flying oflf in drops in angular 
directions. Another fiuniliar example of the elasticity of water is observed, 
when we attempt to separate a drop of water attadied to some sur&ce for 
which it has a strong attraction. The drop will elongate, or allow itself to be 
drawn out to a considerable degree, before the cohesion of its constituent par- 
ticles is wholly overcome ; and if the separating force is at any time relaxed, 
or discontinued, the elasticity of the water will restore the drop to very nearly 
its original form and position. Mercury is much more elastic than water, and 
rebounds from a reflecting sur&ce with considerable velocity and violence. 
The exercise of both the elastic and compressiye principle is, however, so ex- 
tremely limited in liquids, that for all practical purposes this form of matter is 
regarded as inelastic and uncompressible; or, in other words^ the elastici^ 
and compresribility of water produce no appreciable efl'ectSL 
To what ez- ^'^ compressibility of water is not so easily demonstrated 
tont^hM water as is its elasticity, although the elasticity is a direct conse- 
quent of the compressibility. An experiment of Mr. Perkins 
diowed that water, under a pressure of 15,000 pounds to the 
square mdi, was reduced in bulk 1 part in 24. 

In what «»««- ^®®* ^^ liq'Md bodies, as has been already shown (g§ 34^ 
nerdothepar. 36), the attractive and repulsive forces existing between the 
mo*e*^'** upon I»rti°l^ ^"^ ^ nearly balanced, that the particles move upon 
each other t eadi other with the greatest facility. The particles which 
make up a collection of fine sand, or dust, also move upon 
each other with great fodlity : but the particles of a liquid possess this addi- 
tional qxiality, viz., that of moving upon themselves without friction. The 
particles of no solid substance, however fine they, may be rendered, possess 
this property. 

289. From this is derived a great fiindamental principle lymg at the basis 
of all the mechanical phenomena connected with liquid bodies, viz. : — 

paratnre parity, aa foUows ; Sain water mnet be eonaldered ai the pnreet natural wate% 
eipeeiany that whieh fialla in distrieti remote Ihnn tovna or haMtattonat then eoniee 
rirer water; next, the water of lakes and ponds; next, epringwaten; and then tlio 
waten of mineral apringa. Sneeeeding theae, are the waten of great anna of the ocean, 
faito which immense rivers discharge their rolnmea, as the water of the Black Sea, whieh 
is only braeUdi ; then the waters of the ocean itself: then those of the Meditemnean 
and other inland seas ; and last of all, ^e wnters of those ]ak« whieh have no ovtlet, as 
the Dead Bea, Casfiian, Great Salt Lake of Utah, ete. ete. 

AU natanl waters eimtein air, and sometimes other gaseous sohstanees. Fishes and 
other marine animals are dependent npon the air whieh water oontalns for Cheir respira. 
1 s iist e n o e . It to oirlng to the presenoe of air In vnlar that It i 
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290. Liquids transmit pressure equally in 
all directions. . 

This remarkable property oonntitutes a yeiy chancteristio 
distinction between Bolids and liquids ; ginoe solids transmit 
pressure only in one direction, viz^ in the line of the direction 

of the force acting upon them, while liquids press equalljr in aH direction^ 

upward, downward, and sideways 

m sfcrate the ^^ ^^^^ *® obtain a dear Fio. 103. 

eqnaiitf of Understanding of the princi- 

g^oxe In Uq- j^q ^,f t^e equality of pressure 
in liquids, let us suppose a 

vessel. Fig. 103, of any form, in the sides of 

which are seyeral tubular <^nings, ABC 

D E, each dosed by a movable piston. If 

now we exert upon the top of the piston at 

A, a downward pressure of 20 pounds, this 

pressure wiU be communicated to the water, 

wiudi will transmit it equally to the internal 

£ice of all the other pistons, each of which 

will be forced outward with a pressure equal to 20 pounds, prarided thefr 

sur&ces in contact with the water are eadi equal to that of the first piston. 

But the same pressure exerted on the pistons is equally exerted upon all parts 

of the sides of the vessel, and therefore a pressure of 20 pounds upon a square 

inch of the sur&ce of the piston A, will produce a pressure of 20 pounds upon 

every square indi of the interior of the sur&ce of the vesad containing the 

fiqua 

Fia. 104. The same prindple may 

also be shown by another 
experiment Suppose a 
<yllnder. Fig. 104^ in which 
a piston is fitted, to termi- 
nate in a globe, upon the 
sides of which are little 
tubular openings. If the 
globe and the cylinder are 
filled with water, and the 
piston pressed down, the 

liquid will jet out equally from all the orifices, imd not soldy firom the one 

which is in a direct line with, and opposite to the piston. 

291. This property of transmitting pressure equally and 

ner may a Uq- fireely in every direction, is one in virtue of which a liquid 
becomes a machine, and can be made to receive, distribute, 
and apply power. Thus, if water be confined m a veaael, 

and a medianical force. exerted on any portion of it, this force will be at once 

tranamitt^ throughout the entire mass of liquid. 
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wiuUiflfiMHT^ ^® effects of the practical appHcatioii of this princtplo are 
dro^tle Pm»- go remarkable that it haa been called the Hydrostatic Parar 
dox, since tfaie weight, or force, of one pound, applied throngh 
the medfimn of an extended surface of some liquid, maj be made to produce 
a pressure of hundreds^ <xr even thousands of pounds. Thus, in Fig. 105, A 
Fio. 105. '"^^ ^ ^"'^ ^^ cylinders containing water connected 

hy a pipe, each fitted with a piston in such a way as 
to render the whole a dose vessel. Suppose the 
*n area of the base of the piston, jp, to be one square 
f ^ inch, and the area of the base of the piston, P, to be 
1,000 square inches. Now any pressure applied to 
the small piston win be transmitted by the water to 
the large piston ; so that every portion of surface in 
the large piston will be pressed upward with the 
same force that an equal portion of the surface in the small piston is pressed 
downward. A pressure^ therefore, of 1 pound actmg on the base of the pis- 
ton py will exert an outward pressure of 1,000 pounds acting on the base of 
the piston P; so that a wei^t of 1 pound resting upon the juston jp, would 
support a wei^^t of 1,000 pounds resting upon the piston P. 

The action of the forces here supposed differs in nothing 
Ib**^ '^dtoK ^^^*™ *^^ ^^ ^® forces acting on a lever having unequal 
in tbtt Hydro- arms in the proporti<m (^ 1 to 1,000. A weight of 1 pound 
JJjJjJJ'^^ acting on the longer arm of such a lever, would support,' or 
the forces act- raise a weight of 1,000 pounds acting on the shorter arm. 
S^^tetw !*™* ^® ^^^^ contained in the vessel, in the present case, acts 
as the lever, and the inner surface of the vessel containing 
It acts as the fulcrum. If the piston p descends one inch, a quantity of 
water which occupies one inch of the cylinder a will be expelled from it, and 
as the vessel A a is filled in every part, the piston P must be forced upward 
untQ space is obtained for the water whidi has been expelled fix)m the cylin- 
der <k But as the sectional area of A is 1,000 times greater than that of a, 
the height through which the piston P must be raised to give this space, will 
be 1,000 times less than that through which the piston p has descended. 
Therefore, while the weight of 1 pound on p has moved through 1 inch, the 
weight of 1,000 pounds on P will be raised through only l-l,000th part of an 
inch. If this process were repeated a thousand times the weight of 1,000 
pounds on P would be raised through 1 inch ; but in accomplishing this, the 
weight of 1 pound acting on P would be moved successively through 1,000 
inches. The mechanical action, therefore, of the pow^ in this case, is ex> 
pressed by the force of 1 pound acting successively through 1,000 inches, 
while the mechanical effect produced upon the resistance is expressed by 1,000 
pounds raised through 1 inch. 

whatiBaHy. 292. The Hydraulic, or Hydrostatic 
draniie PreM? Press, is s machine arranged in such a man- 
ner^ that the advantages derived from the principle that 
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liquids transmit pressure equally in all directions^ may be 
practically applied. 

The principle of the constniction and action of the hydraulic prass is ex- 
plained in the preceding paragraph (§291), and Fig. 105, represents a section 
of its several parts. j^ m^X^ 




Fig. 106 represents the hydraulic press as constructed for practical purposes. 
In a small cylinder, A, the piston of a fordng-pump, P, works by means of 
the hwidle M. The cylinder of the forcing^pump, A, connect by means of a 
tube, fc, leadmg from its base, with a large cylinder, B. In this moves also 
a piston, P, having its upper extremity attached to a movable iron plate^ 
which works finely up and down in a strong upright frame- work, Q. Be- 
tween this plate and the top of the frame-work the substance to be pressed is 
placed. To operate the press, water is raised in the fixcing-pump, A, by 
nusing the handle IC, fix>m a small reservoir beneath it, a; by depressing the 
handle, the water filling the small cylinder A is forced through a valve, H, 
and the pipe K, into the larger cylinder B, where it acts to raise the larger 
inston, and causes it to exert its whole force upon the object confined be- 
twe^ the iron plate and the top of the frame- work. If the area of the base 
of the piston ;> is a square inch in diameter, and the area of the base of the 
piston P 1,000 square inches, then a downward pressure of one pound on p 
Will exert an upward pressure of 1,000 pounds on P. 
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As thus oonstrooledf the hydranlio pnm oonstituteB the most powerfbl 
mechanical engine witii which we are acquainted, the limits to its power 
bong bounded onlj by the strength of the macfamery and material By 
means of this press^ cotton is pressed into bales, ships are raised from the 

water kr repair, chain-cables are tested, eta ela ^^ 

wm uqnidt 293. As liqtiidB traDsmit pressure equally in 
jr"wSr^M ^ directions, it follows that any given portion 
downward f ^f ^ liquid Contained in a vessel will press up- 
feard upon the particles above it, as powerfully as it 
presses downward upon the particles below it. 

How it the np- ^*"® ^^ ™*^ ^ illustrated by means of 
wiurd praonire the appaitttus represented in F^. 107. If 
l^^ri^*^ aplateof metal, B, be held against the bot- 
tom of a glass tube, g, by means of a string, 
V, and immersed in a Teasel of water, the water being up to 
the leyel n n, the plate B will be sustained inita place by the 
upward pressure of the water; to show that this is the case^ ^i 
it is only necessary to pour water into the tube ^, until it 
rises to the leyel n n, when the plate will immediately fall, 
the upward pressure below the plate B being neutralized 
by the downward pressure of the water in the tube g, 

^* Some persons find it difficult to understand why there 
should be an upward pressure in a mass of liquid, as weD 
as a downward and lateral pressure. But if in a mass of 
liquid Uie particles below had not a tendency upward equal 
to the w^ght, or downward pressure of the particles of liquid abofe them, 
they could not supped that part of the liquid which rests upon tiiem. Their 
tendency upward is owmg to the pressure around them from which they are 
trying to escape.''* 

To what is the 294 The pressure exerted by a 
column of liquid is proportioned to, 
or measured by the height of the 
column, and not by its bulk, or 

quantity. 

If we take a tube inthe Ibrm of the letter 17, with <me of its 
branches much smaller than the other, as in Fig. 108, and pour 
water into one of the branches, we shall find that the liquid 
will stand at the same height m both tubes. The great maas 
of liquid contained in the large tube, A, exerts no more ]»^es»> 
ure on the liquid contained in the small tube, D, than would a 
smaller mass contained in a tube of the same dimensions as D. 
And if A contained 10,000 times the quantity of water that D 
contained, the water would rise to no greater eleTation in D 
than in A. 

•Amott 




Fig. 108. 
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The prindi^ that the preesnre exerted hj a oolmnn of 
water is as its height^ and not as its quantity, maj be also 
mostrated bj the Hjrdrootatio Bellows, Fig. 109. This con- 
sistB of two boards, B and D B, united together bj means 
of dotii, or leather, A, as in a oommon bellowa A anall Ter- 
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tkial pipe, T, attached to the side commnninatee 
with the interior of the beUown HeaTj weigfati^ 
W W, are placed upon the top of the bellows 
when empty. If water be poured hito the rerti- 
cal pipe, the top of the belk>;vrB, with the weig^ 
tqwn it, will be lifted up by the p re s sun s of the 
water beneath; and as the height of the column 
of water increases, so in like proportion may the 
weights upon the top of the bellows be increased. 
It is a matter of no oooseqoenoe what may be the 
diameter of the Tertkial tube, smce the power of 
the ai^Muratas depends upon the height of the ool- 
uaui of water in the small tobe^ and the area of 
the board, BC; thai i$y the weight of a nnaU coir 
wnnofwaierintheverUcalpipei T, wiU be capable 
qfsug^^orHnga^mghtfiponikeboardfB C,ifrealer 
ihtmtheweigMoffkewakriiiihep^.inihe9a0ne 
fO propartkmaa ike mreatff hoard B Gis ffreaterihan 
ihe9ect¥malareaofiheboreofihe pipe. Thus, if 
the area of the bore of the pipe be a quarter of an hioh, and the area of the 
board forming the top of the bellows a square foot, then the proportion of the 
pipe to tiie txMTd will be that of 676 to 1 ; and, consequently, the weigns 
ca^Mible of being supported by the board will be 576 times 
tbe weight of the water contained m the pipe. 

In this manner a strong cask, a, Fig. 110, 
filled with liquid, may be burst by a few 
ounces of water poured into a long tube, b c, 
oommunicatmg with the interior of the cask. 
This law of pressure is sometimes exhibited 
on a great scale in nature, in the bursting of rocks, or mount- 
ains. Suppose a long vertical fissure, as in Hg. Ill, to com- 
municate with an internal oayity formed in a mountain, with- 
out any outiet Now, when the fissure and cayity become 
filled, an enormous pressu'^e is exerted, snflQcient, it may be^ 
to crack, or disrupture, the whole mass of the mountain. 

The most strikmg efi'ects of the pressure of the water at 
great depths are exhibited in the ocean. If a strong, square 
glass bottle, empty and firmly corked, be sunk in water, its 
sides are generally crushed in by the pressure, before it has 
reached a depth of 60 feet Diyers plunge with impunity to 
certain depths^ but there is a limit bejrond which they can not sustain the 

6» 
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immeniie pfo w u re <m the body 
exerted by the water. It is prob- 
able, also^ that there is a limit of 
depth beyond which each epO" 
des of fish can not live. The 
principle of the equal transmis- 
flkm of pressure by liquids, how 
ever, enables fishes to sustain a 
Tery great pressure of water 
without being crushed by it; 
the fluids contained within them 
pressing outward with as great a 
force as the liquid which sur- 
rounds them presses inwards. 
When aship founden at sea^ the great pressure at the bottom forces the 

water into the pores of the wood, and increases its weight to such an extent 

that no part can ever rise again. 

Upon what doM 295. The pieBsaTe upon the hottom of a vewel 
S^n STT?. containing a liquid, is not eflfected by the shape 
SSutaiSrS of the vessel, hut depends solely upon the area 
aid depend r ^£ ^j^^ jjj^g^^ 1^^^ j^ depth below the surface. 
This arises from the law oi equal diatHbutton of pressure in liquids. Ptg. 

112 represents two different yessels 
^^* ^^ having equal bases, and the same per- 

..(?] pendicular depth of water m them* 
i Although the quantity of water coa- 
1 tained mone is modi greater than in 
the other, the pressure sustained by 
I these bases will be thesame. 

In a conical Teasel, Fig. 113, Ihe 
base, G D, sustains a pressure measured by the height of the column, ABC 
D ; for all the rest of the liquid only presses on A B G D laterally, and resting 

Fig. 113. Fig. lU. 
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on the aides, E and F D, can not contribute any thing to the pressure on 
<he base, D. But in a conical vessel, of the shape represented in Fig. Hi, 
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fhe pressore cm A B a portion of the base, E P, m mmtured by the column 
A B G D as before ; but the othei portions of the liquid not resting on the 
ddes also press upon the bottom, £ F ; and as the pressure of the column A 
B C D is transmitted equaQy, eyeiy portion of the base, E F, sustama an 
equal pressure as that portion of the base, A B, which is directly beneath the 
column, A B G D ; therefore the whole pressure on the base, E F, is the 
same as if the vessel had been qylindricaJ, and filled throughout to the height 
indicated by the dotted lines, G H. 

296. Hence, to find the pressure of water upon the bottom of any vessel, 
we have the following rule : 

297. Multiply the area of the base by the 
perpendicular depth of the water, and this 
product by the weight of a cubic foot of 
water.* 

Thnsj suppose the area of the base of a vessel to be 3 square feet, and the 
perpendicular depth of the water to be 3 feet; required the pressure on 
tike bottom of the vessel, the weight of a cubic foot of water being assumed 
to be 1,000 ounces (see § 82). 

2X3«>6 cubic feet 

6X1,000-^000 oz.— pressure on the base of the vesseL 

* " The Mtual pressure of irster may siso be ealenlated from the foUowhig data. It is 
ascertained that theireight of a cubic inch of water of the eommon tcmperatare of 63* 
iTahrenheit, is a portion of a peaad expressed by the dedmal 0*06S(MK. The pressure, 
therefore, of a column d water one foot high, haying a square inch for its base, will be 
found by multiplying this by 12, and consequently will be 0-4388 lb. 

** The pressure produced upon a square foot by a column one foot high, win be found 
by multiplying this last number by M4, the number of square inches forming a square 
foot; it wffl therefbre be 63^232 lbs. 
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%- 


Preauirt per 
Square Inch. 


Freasnreper 


%^ 


FreMure per 
Sqii««IiiSh. 


PreMnreper 
Sqnue Foot. 


L 
IL 

III. 

IV. 
V. 


lbs. 
0*4328 
0-8666 
1-2984 
1'7818 
21640 


lbs. 
62*3232 
124-6464 
186-9696 
249-2928 
311.6160 


VI. 

VII. 

VIII. 

IX. 

X. 


lbs. 
2-0068 
8-0296 
8-4024 
8-8952 
4-8280 


IbSL 

878-9392 

436-2624 
498-6856 
660-9088 
€83^320 



•* By the aid of the above table, the actual pressure of water on eaoh part of the surlkee 
•f sTSssel containing it can always be determined, the depth of such part being glron. 
Thus, tor example, if it be required to know the pressure upon a square foot of the bot- 
tom of a ressel where the depth of the water is 25 feet, we find, from the shore table, that 
the pressure upon a square foot at the depth of 8 feet Is 124-6464 lbs. ; and, consequentty, 
flie pressure at the depth of 20 feet is 1246*464 lbs. ; to this, let the pressure at the depth 
of 5 feet, as given in the table^ be added: 1246-464+311 •616=1668'080 lbs., which is, there- 
fore, the required pressure. 

*' If the liquid contained in the vessel be not water, but any other whose relative weight 
compared with water is known, the calculation is made first for water, and the result being 
multiplied by the number expressing the proportion of the weight of the given Uqoidto 
that of water, the result wiU be the required pressure.*"— XoitbMr. 
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Bov la the ^8. As liquids transmit pressure equally in 
^d^LI^ *^M directions, this pressure will act sideways 
^^^^^•^7^ as well as downward, and the pressure at any 
Fio 115. point upon the side of a vessel con- 

taining a liquid, will be in propor- 
tion to the perpendicular depth of 
that point below the sur&ce. 

Fig. 115 represents a yesael of water with 
orifices at the slde^ at different distances from 
the surface. The water will flow oat with a 
force proportionate to the pressure of the water 
at these several points, and this pressure is 
proportionate to the depth below the suifiKse. 
f _ j^ ^^^, ^ Thus, at a the wato* will flow out with the 

^^^ least force, because the pressure is least at that 

point At h and e the force and pressure will be greater, because th^ are 
situated at a greater depth below the surfiioe. 

How mft fb6 ^^^' ^^ ^^ *^® pressure upon the side of a 
gearore n^ vcsscl Containing water, multiply the area of 
yeaaei of water the sido by ouc half Its wholc depth below the 
surface, and this product again by the weight 
of a cubic foot of water. 

Fzo. lift. Suppose A 0, Hg. 116, to represent the sectidh of the 

side of a canal, or a yessel fllled with water, and let ^e 
=^=2-~^A^ whole depth, A G, be 10 feet: then at the middle point, 
'^^:^^ B, the depth, A B, will be 5 feet Now the pressure at 
t:--■—l~' ^ is produced bj a coBirnn of water whose depth is 10 
^^^^ feet, but the pressure at B is produced bj a column 
IksjfTvn^ whose depth is 5 feet, whidi is the average between the 
pressure at the surface and at the bottom, or the average of the entire pressure 
upon the side. Hence the total pressure upon the side of a vessel containing 
water will be equal to the weight of a column of water whose base is equal to 
the area of that side, and whose height is equal to one half the depth of the 
liquid in the vessel, or, in other words, to the depth of the middle pointof the 
side below the sur&ce. 

Wh h Id Asthepressureupon the sides of a reservoir containing wa- ' 
»n embankmeat ter increases with the depth, the walls of embankments, dams^ 
w^t^t^'botl <^*^ ®*°*' *™ ™*^® broader or thicker at the bottom than 
torn than at the at the top (as in Fig. 114). For the same reason, In order to 
^ r^der a cistern equally stnmg thioug^ottt, more hoops should 

be placed near the bottom than at the top. 

If a soiface equal to the side of a vessel containing liquid were laid upon 
{he bottom, then the pressure upon the sur&ce would be double the actual 
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preflBixre on the side; for in tliifl instance the sarftce sustains the weight of a 
column equal in height to the whole depth, while the oolunin of preMore upon 
the side is only equivalent to one half the depth. 

How does the 300- The actual pressure produced upon 

Sw^T^tit^ the bottom and sides of a vessel which ood- 

jLil**^~S; tains a liquid, is always greater than the 

weight? weight of the liquid. 

In a cubical vessel, for example, the pressure upon the bottom will be 
equal to the weight of the liquid, and the pressure on eadi of the ibnr sides 
will be equal to one half the weight; consequently the whole pressure on the 
bottom and sides will be equal to three thnes the weight of the Hquid. 

inirhatcondi. 301. The Burfaco of a liquid when at rest is 

tlon is the tor- i tt t 

ikoe of « uqoid always Horizontal, or Leyel. 

^ '^^ The particles of a liquid having perfect freedom of motioa 

m^teeofaiu tunong themselves, and all being equally attracted by gravita* 
quid at rest tion, the whole body of liquid will tend to arrange itself in 
such a manner that all the parts of its sur&oe shall be eqoallj 
distant fiom the earth's center, which is the center of attraction. 
What ifl the "^ perfectly level sur&oe really means one in which every 
trae definition part of the surface is equally near the center of the earth; it 
of^a^hcrteal must be, therefore^ in fact, a spherical surface. But so laige 
is the sphere of whidi such a surface forms a part, that in 
reservoirs and receptacles of water of limited extent^ ito sphericity can not be 
noticed, and it may be considered as a perfect plane and level ; but when the 
surfece of water is of great extent^ as in the case of the ocean, it exhibita this 
rounded form, conforming to the figure of the earth, most perfectly.* This 
sphericity of the surface of the ocean is iUustrated by the feet, that the masts 
of a ship appproaching us at sea, are visible long before the hull of the 
ij^Q Yl^ vessel can be seen. In Fig. 

117 only that part of the 
ship above the line A can 
be seen by the spectator at 
A, because the rest of the 
vessel is hidden by the swell 
of the curve of the surfeoe of the ooean, or rather of the earth, D £. ^^^-"^^ 
la what vtaa. 802. Water, or other liquids will always rise 
rfdriS*h?^i to an exact level in any series of different 
S'JSJSL*^ tubes, pipes, or other yessels communicating 

idtheacb^Sherr witlx Cach Othcr. 

* A hoop mrfoiiiidliig the earth woidd bend fh>iii a perfectly straight Une eight Inchea 
to a mne. Conieqaently, if a segment of the surface of the earth, a mUe long were 
ent oft and laid on a perfect plane* the center of the segment would he only fbnr inches 
higher than the edges. A smaU portion of it, therefore, for all ordltary purposes, may 
be considered as a perfect plane. 
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On what prin- 
ciple «rtt we 
enabled to oon- 
rey water in 
•qoedaetaofw 
uneven lur- 
faeeaf 




This &ct 18 sufficiently iUustiaied 
hy reference to Fig, 118. 

303. It is upon 

the application of 

the principle that 

watei^ in pipes will 

always rise to the 
height) or level of its source, that all 
arrangements for oonyeying water 

oyer uneven sui&ces in aqueducts^ or closed pipes depend. The 
brought from any reservoir or source of supply, in or near a town or building, 
may be delivered by the effect of gravity alone to every location beneath the 
level of the reservoir; the result not bemg affected by the inequalities of the 
surface over which the water pipes may pass in their connection between the 
reservoir and the point of delivery. So long as they do not rise above the 
level of the source of supply, so long will the water continue to flow. 

Fig. 119 represents the line of a modem aqueduct : — a a a represents the 
water level of a pond or reservoir upon elevated ground. From this pond a 
line of pipe is laid, passing over a bridge or viaduct at d^ and under a river at 
e. The fountains at h h, show the stream rising to the level of its source in 
the pond a, at two points of very different elevation. 

Fig. 119. 




The ancients, in constructing aqueducts, do not seem to have ever practi- 
cally applied this principle, that water in pipes rises to the level of its source. 
When, in conducting water from A distant source to supply a dtj, it became 
necessary to cross a ravine or valley, immense bridges, or atches (^masonry 
were built across it, with great labor and at enormous expense, in order that 
the water-flow might be continued neariy horizontally. At the present day 
the same object is effected more perfectly by nmms of a simple iron pipe^ 
bending in conformity with the inequalities of surface over which it passes. 

In the construction of pipes for conveying water, it is neces- 
sary that those parts which are much below the level of the 
reservoir, should have a great degree of strength, since they 
sustain the bursting pressure of a column of water whose 
height is equal to the difference of level. A pipe with a* 
diameter of 4 inches^ 150 feet below the level of a reservoir, should have suf- 



In what man- 
ner should 
pipes for the 
conveyance of 
water be con- 
stractedf 
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Pig. 120. 




fident strength to bear with secority a bunting preanre of nearij 6 tons ibr 
each foot of its length. 

Upon the principle that water tends to rise to the level of its souroe, orna- 
mental fountains may be constructed. Let water qpout upward through a pipe 
communicating with the bottom of a deep vessel, and 
it wiU rise nearly to the height of the upper sur- 
&oe of the water in the veaseL The resistance of 
the air, and the falling drops, prevent it from rising 
to the exact level Let A, Fig. 120, represent a 
cistern filled with water to a constant height, B, 
If four bent pipes be inserted in the side of the 
dstem at different distances below the surfiioe, the 
water will jet upward from all the orifices to nearly 
the same level 

The phenomena of Artesian Wells, and the plan 
of boring for water, depend on the same principle..^ 

An Artesian Wkll is a cylindrical 
excavation formed by boring into the earth 
with a species of auger, until a sheet or vein of water is 
found, when the water rises through the excavation. Such 
excavations are called Artesian, because this method was 
employed for obtaining water at Artois in France. 

Why does the "^® reason that the water rises in Artesian, and sometimes 
water rise in in ordinary wells, to tlie sur&ce, is as follows: The surfiEU>e 
of the globe is formed of different layers, or strata, of different 
materials, such as sand, gravel, day, stone, eta, placed one 
upon the other. In particular situations, these strata do not rest horizontally 
upon one another, but are inclined, the different strata being like cups, or 
basins placed one within the other, as in Fig. 121. Some of these strata are 
composed of materials, as sand or gravel, through which water will soak most 



WhatisanAr' 
tesianWeU? 



304. 



an Artedan 
Wdlf 



Fig. 121. 



readily; while other strata, 
like day and rock, will not 
allow the water to pass 
through them. li; now, 
we suppose a stratum like 
sand, pervioiis to water, to 
be included as at a a, Fig^ 
121, between two other 
strata of clay or rock, the 
water falling upon the un- 
covered margin of the sandy stratum a a, will be absorbed, and penetrate through 
its whole depth. It will be prevented fVom rising to the surface by the im- 
pervious stratum above it, and from sinking lower, by the equally impervious 
stratum below it It will, therefore, accumulate as in a reservoir. !£, now, we 
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bore down thioogh the upper Btnitam, m at 5^ until we leadi the etntmn 
oontaining the water, the water will rise in the excavation to a certain height^ 
proportional to the height or lerel of the water accumulated in the reser- 
voir a a ftom which it flows.* 

wb^ifltbA ri ^^** ^® rain which ialUi upon the surfece of the earth 
gin of springs? ^^"^ downward through the sandy and porous soil, un- 
til a bed of day^ or rock, through which the watw can not 
penetrate, is reached. Here it accumulates, or running along the sur&ce 
of the impervious stratum, bursts out in some lower situation, or at some point 
Where the impervious bed or stratum comes to the sur&oe in consequence of a 

valley, or some depression. 

• ^^' ^^^ Such a flow of water consti-, 

tutes a spring. Suppose of 

Fig. 122, to be a gravel hill, 

and b a stratum of day or 

rock, impervious to water. 

Thefluld'percolating through 

the gravel would reach the 

impervious stratum, along which it would run until it found an outlet at c, at 

the foot of the hill, where a spring would be formed. 

,^ ^ , 306. Ifthere are no irregularities in the surfece, so mtuated 
Why does water , „ . . , * ^. •* x 

eoUoct in an or- as to allow a spnng to burst forth, or if a spnng issues out 

dlnary wellT g^ g^nae point of the porous earth considerably above the sur- 
fece of the clay, or rock, upon which at some depth all such earth rests, the 
water soaking downward will not all be drained off, but will accumulate, and 
rise among the particles of soil, as it would among shot, or bullets, in a water- 
tight vessel If a hole, or pit, be dug into such earth, reaching below the 
level of the water accumulated in it, it will soon be filled up with water to 
this level, and will constitute a weU. The reason why some wells are deeper 
than others, is, that the distance of the impervious stratum of clay below the 
Burfece is different in different localities. 

-Pram hmk ^^^' ^^ ^®^ ^^ sp^ngs, therefore, are merely the imn- 

sonroe do aU water which has sunk into the earth, appearing agam, and 
sDrtoiw deriv* gra^^aMy accumulating, or escaping at a lower level 
Keir water? 308. The property of liquids to assume a horizontal sur- 

What is a ^t^ '^ practicEdly taken advantage of in ascertaining whether 
M^^Lan^ a surface is perfectly horizontal, or level, and is accomplished 
'^^ by means of an instrument known as the ""Water" or 

•'Spirit Level." This conenstB of a small glass tube, h c. Fig. 123, filled 
with spirit, or water, except a small space occupied with air, and called 

* In tlie great Artesian wells of Grenelle, near Paris, and of Kisslngen, la Bavaria, the 
water rises from depths of 1,800 and 1,900 feet to a considerable helglit above the snrfaee 
of the earth. The well of Paris is capable of sapplying water at the nte of 14 millions 
of gallons per daj. The region of oonntry in which this water fdl, from the enrrature 
of the layers, or strata of material through which the excavation was made, must havs 
been distant two hundred miles or more. 
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Fio. 123. ^® aii>biibble^ a In whatever pcwMon the tube 

maj be placed, the bubble of air will leet at the high- 
est point If the two ends of the tube aie lerel, or 
perfectly horisontal, the air-babble will remain in 
the center of the tube; but if the tube incKneeever 
so little, the bubble risesto the higher end. for pnotlcal nae the glaae-tube 
is indoeed in a wood, or brass case, or box. 

Upcwiutifffn. ^^' ^® ™**»d Of conducting a canal tfaim«h a ooontrj, 
dpie «re euMdg the surfiKse of which is not peifectlj horiaontal, or level, de- 
e^stoructod^d pends upon this same property of liquids^ In onler that boats 
may saU with ease in both directions of the canal, it is neces- 
saiy that the surfiioe of the water should be level If one end of a canal 
were higher than the other, the water would run toward the lower extremity, 
overflow the banker and leave the other end diy. But a '^v^»\ rarely, 
if ever, passes through a section of country of any great extent^ which is 
not incUned, or irregular hi its sur&ce. By means, however, of expedients 
called Locks, a canal can be conducted along any declivity. In the ibrma- 
tion of a canal, its course is divided into a series of levels corresponding 
with the inequalities <rf the surface of the country through which it passes. 
These levels communicate with each other by locks, by means of which 
boats passing m any direction can be elevated, or k)wered with ease, rapidity, 
and safety. 

Fig. 124. Fig. 124 represents a section of 

a lock, and Fig. 126 the construc- 
tion of the Lock Gates. The sec- 
tion of Fig. 126 represents a place 
where there is a sudden fall of the 
ground, along which the canal has 
to pass. A B and C D are two 
gates which completely intercept 
the oourse of the water, but at the same time admit of bemg opened and 
dosed. A H is the level of the water in that part of the canal lying 
above the gate A B, and E F and F G the levels bdow the gate A B. The 
part of the canal induded between two gates, as EF, is called a lock, because 
when a vessd is let into it, it can be shut by dosing both pair of gatesi If 
now it is required to let a boat down from the higher level, A H, to the lower 
level, E G, the gates G D are dosed tightly, and an opening made in the 
gates A B (shown in Fig. 126), which allows the water to flow gradually from 
A H into the lode A E F O, until it attains a common level, HAG. The 
gate A B is then opened, and the boat floats into the lock A B G D. The 
gates A B are then closed, and an opening made in gates G P, which allows 
the water to flow from the space A E F G, until it comes to the common 
level, E F G. The gate G D is then opened, and the boat floats out of 
the locks Into the continuation of the canal. To enable a boat to pass from 
the lower level, E F G, to the superior level, A H, the prooeas here described 
is reversed. 
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WiUi what 
force is a float- 
ing body preis- 
ed upward? 

How much 
water will a 
■olid immened 
in it dUplace? 



What is Bao7' 
ancyf 



310. When a solid is immersed i^ a liqnkl 
it will be pressed upward with a force equal 
to the weight of the liquid it displaces. 

311. A solid immersed in water will displace 
as much of the liquid as is equal in volume to 
the part immersed. 

312. Buoyancy is the name applied to the 
force by which a solid immersed in a liquid is 

heaved, or pressed upward. 

The resistance offered when we attempt to sink a body lighter than water 
in that liquid, proves that the water presses with a Ibroe upward as well as 
downward. Upon this &ct the laws of floating bodies depend ; and for this 
reason the bottoms of large ships are constructed with a great d^;ree of 
strength. 

813. A body floating upon a liquid is main- 
tained in EQUiLiBRio by the operation of grav* 
ity drawing the mass downward, and by tha 
pressure of the particles of the liquid upon 
which it rests, pressing it upward. 

What is essen. 314. lu ordcr that a body may float with sta- 
biut^ofaflSSl hility, it is necessary that its center of gravity 
ingbody? should bc situatcd as low as possible. 



How is a bodj 
floating npon a 
liquid main- 
tained in eqnl- 
Ubriof 
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When ii a 
floating bodj 
in its most sta- 
ble position f 



When win a 
solid float, and 
when sink f 



FlQ. 126. 



What is the For this reason, all Teasels which are light in proportion lo 

inreieu?*** ^®"' ^^ require to be ballasted by depositing in the lowest 
portions of the yessel, immediately above the keel, a quantity 

of heavy matter, usually iron or stone. The center of gravity may thus be 

brought so low that no Ibroe of the wind striking the vessel rideways can 

capsize it By raising Hie center of gravity, as when men in a boat stand 

upright, the equilibrium is rendered unstabla 

A body floating is most stable wbm. it floats upon its great- 
est sur&oe: thus a plank floats with the greatest sts^ility, 
when placed fiat upon the water; and its position is unstable 
when it is made to float edgewise. 

A solid can never float that is heavier, bulk fi>r bulk, than 
the liquid in whidi it is immersed. 
If the weight of a solid be jezacily equal to the weight of 

an equal bulk of liquid, it will sink in it until it is entirely immersed ; but 

when once it is entirely immersed, then, the upward and downward pressure 

being equal, the solid will neither sink or rise, but will remain suspended 

at any depth at whidi it may be placed. 

Let A B, Fig. 126, be a cube of wood floatmg in 

water; then the weight of the water displaced, or 

the weight of a volume of water equal to A B, is 

equal to the whole weight <^ the wood; since the 

upward pressure on the bottom of A B is the same 

as that which would stipport a portion of water 

equal in bulk to the displaced water, or to the cube 

A B ; and as the downward pressure of the body 

is equal to the upward pressure of the liquid, it fol- 
lows that the weight of the cube is equal to the 

weight of the water displaced. Hence A B will 

neither rank or rise. 
A mass of stone, or any other heavy substance 

beneath the sur&ce of water is more easily moved 

than upon the land because, when immersed in the 

water, it is lighter by the weight of its own bulk of 

water than it would be on land. A boy will often wonder why he can lift a 

stone of a certain weight to the surface of water, but can carry it no &rther. 

The least force will lift a bucket immersed in water to the sur&ce ; but if it 

be lifted ferther, its weight is ielt just in proportion to the part of it which is 

above the sur&ce. 
The weight of the human body does not differ much from the weight of its 

own bulk of water; consequently, when bathers walk in water cbin-deep, 

their feet scarcely press upon the bottom, and they have not sufficient hold 

upon the ground to give them stability; a current, therefor^ will easily take 

them off their feet 
The fecility with which different persons are able to float or swim, depends 

upon the physical constitution of the body. Corpulent people are lighter. 
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bulk for bulk, than those of sparer habits: and as &t possesses a less spedflo 
gravity than water, a &t person will swim or float easier than a thin one. 

315. It is not, however, necessary, in order that a body should float upon a 
liquid, that the malerials of which it is composed should be specifically lighter 
than the liquid. If the entire mass of a solid is lighter than an equal volume 
of the liquid, it will float 

A thick piece of iron, weighing half an ounoe^ loses in water nearly one 
eighth of its weight; but if it is hammered into a i^ate or vessel, of such a 
, form that it occupies eight times as much space as before, it will then weigh "• 
less than an equal bulk of water, and will consequently float, smking just to 
the brim. If made twice as laige, it will displace one ounce of water, conse- 
quently, twiee its own weiglit; it win then sink to the middle, and can be 
loaded with half an ounoe weight before sinking entirely. 

Hoir can a ^'16. A bodj composed of any material, how- 
Si? a^*3j2S ever heavy, can be made to float on any Uquid, 
be*iiLir**to however light, by giving it such a shape as 
^^' will render its bulk or yolume lighter than an 

equal bulk of water. 

Iron ships and boats are illustrations of this principle. A ship carrying a 
thousand tons' weight will displace just as much water, or float to the same 
depth, whether her cargo be feathers, cotton, or iron. A ship made of iron 
floats just as high out of water as a ship of similar form and size made of 
wood, provided that the iron be proportionally thinner than the wood, and 
therefore not heavier on the whole. 

The buoyancy of hollow solids is frequently used for lifling or supporting 
heavy weights in water. Life-preservers, which are inflated bags of India- 
rubber, are an example. Hollow boxes, or tanks, are used for the purpose 
of raising sunken vessels. These boxes are sunk, fllled with water, and 
attached to the side of the vessel to be raised. The water, by a connection 
of pipes, is then pumped out of them, when the upward pressure of the liquid 
becoming greater than the gravity or weight of the entire mass, the whole 
will rise and float 

To what Is the 817. The buoyaucy of liquids is in propor- 
SSSdJ^r- tion to their density or specific gravity^; or, in 
****^' other words, a solid is buoyant in a liquid, in 

proportion as it is light, and the liquid heavy. 

Thus quicksflver, the heaviest, or most dense fluid known, supports iron 
upon its sur&ce; and a man might float upon mercury as easily as a cork 
floats upon water. Many varieties of wood which will smk in oil, float 
readily upon water. 

318. The principle that the buoyancy of liquids varies in proportion as their 
specific gravity varies, flimisbes a very ready method of determining the spe- 
cific gravity of a liquid. This is done by means of an instrument called the 
hydrometer. 
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What is a Hy- 
drometer? 





319. The Hydrombteb con- Fi<». i^'^- 
sists of a hollow glass tube, 
on the lower part of which a spherical 
bulb is blown, the latter being filled with 
a suitable quantity of small shot, or 
quicksilver, in order to cause it to float, 
in a yertical position. The upper part 
of the tube contains a scale graduated 
into suitable divisions. (See Fig. 127.) 

It is obvious that the hydrometer 

will sink to a greater or less depth in 

diflforent liquids ; deeper in the hghter 

ones, or those of small specific gravitj, ; 

and not so deep in those which are 
denser, or which' have great specific graylty. The 
q^edfic gravity of a liquid may, therefore, be estimated by the number of di- 
visions on the s6ale which remain above the sur&ce of the liquid. Tables 
are constructed, so that, by their aid, when the number on the scale at which 
the hydrometer floats in a given liquid is determined by experiment, the spo- 
dfic gravity is expressed by figures in a oolunm directly opposite that number 
in the table. 

There are various forms of the hydrometer especially adapted for determin- 
ing the denaty, or specific gravity, of spirits, otls, syrups, lye, etc It afibrds 
a ready metiiod of determining the purity of a liquid, as,' for instance, alco- 
hol The addition of water to alcohol adds to its density, and therefore in- 
creases its buoyancy. The addition of water, therefore, will at once be shown 
by the less depth to whidi the hydrometw will sink in the liquid. The 
adulteration of sp^rm oil with whale, or other dieaper oils, may be shown in 
the same manner. 

320. For the reason that the buoyancy of a liquid is proportioned to its 
density, a ship will draw less water, or sidl lighter by one thirty-fifiii in the 
heavy salt Water of the ocean, than in the flresh water of a river; for the 
same reason it is easier to swim in salt than in firesh water.* 

* " A floating bodr rirkt to the tune depth whether the idmi of liquid mpporttng tl 
be great or small, as is seen when an earthen cup is placed first in a pond, and then in » 
second cup only so mneh larger than itself, that a very small qnantitj of ▼ater will sofBoe 
to fill np the intenral between thnm. An ounce of water in this waj may be made to float 
snbstanoes of much greater wei^^t And if a large ship were received into a dock, or 
ease, so exactly filling it that there were only half an inch of interval between it and the 
wall, or side of the containing spaee, it wonld float as completely when the few Itogsheads 
of water required to fill this little intenral up to its usual water-mark were poured in, as 
if it were on the high seas. In some canal loeka, the boats just fit the plaee in wUch they 
have to rise and ikll, and thus ^*"»t"<*** the quantity of water neoecaary to rapply the 
lock.**— iimoM. 
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Explain ilM 
phenomena ob- 
served when 
the band is 
plunged into 
different Uq- 
niJa. 



OAPILLABT ATTBAOTIOK. 

321. If we plunge the hand into a Tetsd of water, and 
withdraw it, it is said to be wet ; that is, it ia oovered with a 
thin film, or coating of water, which adheres to it, in opposi- 
tion to the tendency of the attraction of gravitation to make 
it ML o£ Th^e is, therefore, an attraotion between the par- 
ticles of the water and the hand, which, to a certain extent, 

is stronger than the influenoe of gravitation. 

If now we plunge the hand into a vessel of qoicksilver, no adhesion of the 
particles of the mercury to the hand wfll take place, and the hand^ when 
withdrawn, will be perfectly dry. 

If we plunge a plate of gold, however, into water and quicksilver, it will 
be wet equally by both, and will come out of the quicksilver covered with a 
white coating of that liquid. 

It is, therefore, obvious that a certain molecular attraction exists between 
certain liquids and certaui solids, which does not prevail to the same extent 
between others. 

322. That variety of molecular force which 
manifests itself l>etween the surfaces of solids 
and liquids is called Oapillabt Attraction. 

This name originates from the circumstance, Ihat this class 
of phenomena was first observed in small glass tubes, the 
bore of which was not thicker than a hiur, and which were 
hence called CapiUary Tubes^ from the Latm word captOua, which signifies a hair. 
How ma Ca- ^^^* ^ ^® *"^® * series of glass tubes of very fine bore, 
puiary Attrae- but of different diameter^ and place them in a vessel of water, 
which has been colored in order to show the effect more strik- 
ingly, we shall see that the water will rise in tiie tubes to 
various heights, attaining the greatest d^ree of elevation in the smallest tube. 
Fio. 128. ^0 height at which the same liquid will rise in 

any given tube is always unifcmn, but it varies for 
different liquidsL 

Fig. 128 is an enlarged representation of the 
manner in which water will rise in tubes of differ- 
ent diameters. 

The simplest method of exhibiting capillary stt 
traction is to immerse the end of a piece of ther. 
mometer tube m water (see Fig. 129) which has 
been tinted with ink. The liquid will be seen to 
ascend, and will remain elevated in the tube at a 
considerable height above the sor&oe of the liquid 
in the vessel 
The ordinary definition of ciq^illaiy attraction is, that ft>rm of attraotk>n which 
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What wfll be 
the eonditien 
of the surface 
of a liquid 
which wets the 
rides of the yes- 
id 
It? 

When the Uq- 
aid does not 
▼et the sides 
of the Tessd, 
what viU be 
the condition 
of itft surface f 

Fig. 130. 




causes liqaids to ascend above their leyel in capiUaiy tubes. 
It, however, is not strictly correct, as this force not onlj acts 
in elevating but in depressing liquids in tubes, and is at 
work wherever liquids are in connection with solid bodies. 

324. If a liquid be poured into a vessel, as 
water in glass, whose sides are of such a nature 
as to be wetted by it» the liquid will be elevated 
above the general level of its surfiioe at the 
points where it touches the sides of the ves- 
sel This is shown in Fig. 13 a 

I^ however, the liquid is poured into a 
vessel whose sides are of such a nature that 
they are not wetted by it, as in the case of 
quicksilver in a glass vessel, then the liquid 
will be depressed below the general level of its surface at the 
points where it comes in con- p.^ ^,. 

tact with the sides of the ves- 
sel This is shown m Fig. 131 . 
325. If two plates of glass, 
A and B, Fig. 132, be plunged 
into water at their lower ex- 
tremities, with their &ces ver- 
tical and parallel, and at a cer- 
tain distance asunder, the water will rise at the points m and n, where it is in 

contact with the glass; but at 
±10. 132. gjl intermediate pomts, beyond 

a small distance fix)m the plates^ 
the general level of the surfaces 
E, C, and D, will correspond. 

If the two plates, A and B, 
are brought near to each other, 

as m Fig. 133, tne two curves, 

~ — m and n^ will unite, so as to form 

a concave surface, and the water 
at the same time between them will be raised above the general level £ and 




Fia. 131. 




Fig. 133. 



P, of the water in the vessel If the plates 
be brought still nearer together, as in Fig. 134, 
the water between them will rise still higher, 
the force which sustains the column being in- 
creased as the distance between the plates is 
diminished 

326. The height to 
which water will rise in 

capillary tubes ia in proportion to the small- 
ness of their diameters. 



To vhat is the 
eleration of 
water in capil- 
lary tubes pro- 
portioned f 
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Thus in two tubes, one of which is double 
the diameter of the other, the fluid will rise 
to twice the height in the small tube that 
it wiU in the laiger. The truth of this 
principle can be made evident by the fol- 
lowing beautiful and simple experiment 
Two square pieces of plate-glass, C and B, 
Fig. 135, are arranged so that their sur- 
faces form a minute ang^e at A. This po* 
sition may be easily given them by £Eisten- 

hig with wax or cement. When the ends of 

the plates are placed in the water, as shown in 

the figure, the water rises in the space between 

them, forming the curve^ which is called an 

hyperbola. The elevation of the water between 

the two soi&ces will be the greatest at the 

points where the distance between the plates is 

the least 
327. The figure of the sur&ce which bounds 

a liquid in a axillary tube will depend upon 

the extent of the attraction which exists between 

the particles of the liquid and the sur&ce of 

the tube» Thus, a column of water contamed in a glass ciq;>illary tube will 

have a concave form of sur&ce, as in Fig. 136, smce the ^^ ^^ ^^ ^^ 

attraction of glass for watw exceeds the attraction of the 

particles of water for each other ; a sur&ce of mercury, on 

the contrary, in a similar tube, will be convex, see Fig. 

137, since the attraction of glass for mercury is less than 

the mutual attraction of the particles of meicuiy. 

.^ _,« 828. In a capillary tube a 

When wUl a -. . , .„ ^ ji \ 

liquid be eie- liquid Will asceiid above its 

depraaeed in « general level, when it wets the 

**^ tube ; and is depressed below its level wheq 

it does not wet it. 

329. If the sur&ce o( a body repels a liquid, such a body, 
though heavier, bulk for bulk, than the Hquid, may, under 
some circumstances, float upon it ; and so present an apparent 
exception to the general hydrostatic law by which solids 
which are heavier than liquids, bulk for bulk, will sink in them. An exam- 
ple of this may be shovm by slightly greasing a fine sewing-needle, and then 
placing it carefully in the direction of its length upon the surfiiee of water. 
The needle, although heavier, bulk for bulk, than water, will float 

The power of certam insects to walk upon the sur&ce of water without 
sinking, has been explained upon the same principle. The feet of these in- 
sects, like the greased needle, have a capillary repulsion for the water, and 




How may » 
needle be made 
to float upoa 
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What is m 
**BopePiunpr* 



when they apply them to the sur&oe of water, instead of sinkixig in it, they 
produce depressions upon it 

For a like reason, water will not flow through a fine edeve, the wires of 
which have been greased. 

«^ _«. 330. A liquid will not wet a solid when the 

When will »_ n •%^ » t t t i 

liquid feu to force of adhesion developed between the par- 
ticles of the liquid and the surface of the solid, 
is less than half the cohesive force which exists between 
the particles of the liquid. 

331. The &ct of the strong adhesion FlO. 138. 

which exists between water and the 

fibers of a rope, has been taken ad- 
Tantage of in the construction of a kind of pump, called 
the ** Bope," or " Vera's" Pump, Fig. 138. It con- 
sists of a cord passing over two wheels, a and 5, the 
lower one of which is immersed in water. A rapid 
motion is given to the wheels by means of the cKmk 
df and the water, by adhering, follows the rope in its 
movements, and is discharged into a receptacle above. 

„^ ^ . Illustrations of capillary attraction 

What are fa- f </ 

miliar iiiustra- are most ^miliar in the experience of 
U^a^aZa? every-day life. The wick of a lamp, 
or candle, lifts the oil, or melted grease 
which supplies the flame, from a surface ofl^n two or 
three inches below the point of combustion. In a ^ ■ 
cotton-wick, wiiich is the material best adapted for this purpose, the mi- 
nute, separate fibers of the cotton themselves are capillary tubes, and the in- 
terstices between the filaments composing the wick are also capillary tubes ; 
in these the oQ ascends. The oil, however, can not be lifted freely beyond a 
oertam height by capillary attraction : hence, when the surface of the oil is 
low in the lamp, the flame becomes feeble, or expires. 

If the end of a towel, or a mass of cotton thread, be immersed m a basin of 
water, and the remainder allowed to hang over the edge of ^ the basin, the 
water will rise through the pores and interstices of the doth, and gradually 
wet the whole towel In this way the basin may be entirely emptied. 

If sand, a lump of sugar, or a sponge, have moisture beneath and slightly 
hi contact with it, it will ascend through the pores by the agency of capillary 
attraction in opposition to gravity, and the entire mass will become wet. 

The lower story of a house is sometimes damp, because the moisture of the 
ground ascends through the pores of the materials constituting the walls of 
the building. Wood imbibes moisture by the capillary attraction of its pores, 
and expands or swells in consequence. This fact has been taken advantage 
of for splitting stones; wedges of dry wood are driven into grooves cut in the 
stone, and on being moistened, swell with such irresistible force as to split 
the block in a direction regulated by the groove. 

t 
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ViQ. 139. 



An immena^ wdg^ aoqwoded bj a diy rope, inaj be niaed s little wmj, 
bj merelj wetting the rope; the moistme imbibed bf aqnllaiy attnctioQ mto 
the gobBtance of tbe rope canaea it to awell lateraHj aod beoome shorter. 

CapiDaiy attnction ia alao iDatmnifintal in aoi^jring treea and planta with 
moiaturo throogh the agency of the roots and undeigroond fibersL 

332. The terms Exosmose and Endosmoss 
"^ are applied to those cu Aents in oontraiy direc- 
tions which are established between two liquids 
of a different natnre, when they are separated from each 
other by a partition composed of a membrane, or any porons 
substance. 

The name 3»doemo»e, derived finom a 
Greek word, aignifieB going in, and is a^p* 
plied to the stronger cuirent; while the 
name Hoomnote, aSgnifyiog fstny oiU, ia 
mpp^od to the weaker conent. 

The phenomena of EndtmnoBe and I^ 
ornnose, whidi are imdoubtedlj dependent 
on o^illaiy attractk», ma^r be ilkistialed 
\jij the fi>Uowing simple experiment: — ^If 
we take a amall bladder, or any other mem- 
branoos substance, and having fastened it 
on a tube open at both ends, as is repre- 
sented in i% 139, fill the bladder with 
alcohol, and immerse it, connected with 
the tube, in a basin of water, to such an 
extent that the top of the bladdw filled 
with alcohcd corresponds with the level 
of the water in the vessel, in a sh(»t 
time it will be observed, that the liquid 
is rising in the tube connected with 
tbe bladder, and will ultimatdy roach the 
top and flow over. This rising of the al- 
cohol in the tube is evidently due to the 
circumstance that the water permeates 
through the bladder, with a certain de- 
gree of fiiroe^ producing the phenomena 
which we call OMfomoM, "goingin;'* the eflfect being to elevate the alcohol to 
a considerable height in the tube. At the same time, a certain quantity- of 
the alcohol has passed out through the pores of the bladder, and mixed with the 
water in the external vessel This outwaM passage of the alcohol we call 
exomnote^ "going out." A less quantity of the alcohol will pass out of the 
bladder in a given time to mingle with the water, than of the water will pass 
in, and consequently the bladder containing the alcohol having more liquid 
in it than at first, becomes strained^ and presses the liquid up in the tubsi 
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If we hare a box divided by a partation of pofotu day, or any othe/ sab- 
stanoe of like nature, and place a quantity of sjrap on one side, and water on 
the other, or any other two liquids of different deniitieB which freely mix with 
one another, currents will be established between the two in opposite direc- 
tions through the /porous partition, until botii are thoroog^ily mingled with 
each other. 

833. If a liquid is placed in contact with a surface of 
the body, divested of its epidermis, or outer skin, or in 
contact with a mucous membrane, the liquid will be ab- 
sorbed into the vessels of the body through the force of 
endosmose. 

PRACTICAL QUESTIONS AND PBOBLXMS IN HTDBOSTATI08. 

1. Wb J 9X9 stoBM, gfSTttlf and Mod m Msilf mofred hy warei and enmnti t 
Because the moring water baa only to overcome about half the weight of 

tfaestone. 

2. Wh J e«a a ttoae vhldi, on land, requirts the sfcrwigfh ti tvo laaa to lUI it, bs 
Ufted and eaniad in water Ity oaa man t 

Because the water holds up the stone with a force equal to the weight of 
the volume of water it displaces. 

3. Whj doea ereamriie npon mflkf 

Because it is composed of particles of oily, or &tty matter, iduch are ligfatei 
than the watery particles of the milk. 

4. How are fishec abla to aaoend and deaoend qnieUj in water t 

They are ^capable of changing their bulk by the yoluntaiy disteosioQ, or 
oontractioa of a membraneous bag, or air bladder, included in their organtza- 
tioo; when this bladder is distended, the fish increases in siae, and being of 
]essiq>ecifio gravity, ie., lighter, it rises with iacility; when the bladder ia 
contracted, the size of the fish diminishes, and its tendency to sink is increased. 

6. Why doea iha bodj of a drowned peraoo generaU j tiee and float upon the nufitca 
■erend days after death t 

Because, firom the aocumulation of gas withm the body (caused by incipient 
putrefiictionX the body becomes specifically lighter than water, and rises and 
floats upon the sur&ce. 

& How are Ufe-boate prerented tnm linking f 

They contain in their sides air-tight cells, or boxes, filled with air, which by 
their buoyancy prevent the boat from sinking, even when it is filled with water. 

7. Why does blotting-paper abMrb ink f 

The ink is drawn up between the minute fibers of the paper by capillary 
attraction. 

8. Why will not writing, or aised paper, absorb ink f 

Because the sizmg, being a species of glue into which writing papers are 
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Thus in two tubes, one of which is dooMe 
the diameter of the other, the fluid will rise 
to twice the height in the small tube that 
it will in the larger. The truth of this 
principle can be made eyident bj the fol- 
lowing beautiful and simple experiment 
Two square pieces of plate-glass, C and B, 
Fig. 135, are arranged so that their sur- 
faces form a minute ang^e at A. This po- 
sition maj be easily given them bj &sten> 

hig with wax or cement. When the ends of 

the plates are placed in the water, as shown in 

the figure, the water rises in the space between 

them, forming the curve^ which is called an 

hyperbolA. The elevation of the water between 

the two sui&ces will be the greatest at the 

points where the distance between the plates is 

the least 
327. The figure of the sur&ce which bounds 

a liquid in a d^Ulary tube will depend upon 

the extent of the attraction which exists between 

the particles of the liquid and the sur&ce of 

the tuba Thus, a column of water contained in a glass o^illaiy tube will 

have a concave form of sur&ce, as in Pig. 136, smce the p^ jm «. ^„ 

attraction of glass for water exceeds the attraction of the ' 

particles of water for each other; a surfiMse of mercury, on 

the contrary, in a similar tube, will be convex, see Pig. 

137, since the attraction of glass for mercury is less than 

the mutual attraction of the partidee of meicuiy. 

When vui m ^^' ^^ * caplllaxy tube a 
liquid be eie- liquid will ascend above its 

vatedandwhen i i i i •> t 

depreoaed In a general level, when it wets the 

^^ tube ; and is depressed below its level wheq 

it does not wet it. 

Hoir may a ^^^' ^^^^ surfeoe of a body repels a liquid, sudi a body, 
naediebemade though heavier, bulk for bulk, than the liquid, may, under 
water?^ ^^^ **°^® circumstances, float upon it ; and so present an apparen* 
exception to the general hydrostatic law by which solids 
which are heavier than liquids, bulk for bulk, will sink in them. An exam- 
ple of this may be shown by slightly greasing a fine sewing-needle, and then 
placing it carefully in the direction of its length upon the surfiMe of water. 
The needle, although heavier, bulk for bulk, than water, will float 

The power of certain insects to walk upon the sur&ce of water without 
sinking, has been explabed upon the same principle. The feet of these in- 
■ecta^ like the greased needle^ havw a capillary repulsion for the water, and 




OAPILLABY ATTBAOTION. 



145 



Fig. 138. 



when they apply them to the sur&oe of water, instead of sinkixig in it, they 
produce depressions upon it 

For a like reason, water will not flow through a fine edeve, the wires of 
which have been greased. 

«ru _«, 330. A liquid will not wet a solid when the 

When will » _ /» n . 

Hquid fijj to force of adhesion developed between the par- 
ticles of the liquid and the surface of the solid, 
is less than half the cohesive force which exists between 
the particles of the liquid. 

331. The fiict of the strong adhesion 
**BopePii]npr* which exists between water and the 
fibers of a rope, has been taken ad- 
Tantage of in the construction of a kind of pump, called 
the **Bope," or "Vera's" Pump, Fig. 138. It con- 
sists of a cord passing over two wheels, a and 5, the 
lower one of which is inmiersed in water. A rapid 
motion is given to the wheels bj means of the crank 
dy and the water, by adhering, follows the rope in its 
moyements, and is discharged into a receptacle above. 

,„^ ^ , Illustrations of capillary attraction 

What are fa- .•.,..?,. » 

miliar iiiustra- are most familiar m the expenence of 

U^".^on» everyHiayUfe. The wick of a lamp, 
or candle, lifts the oil, or melted grease 
which supplies the flame, from a surface ofl^n two or 
three inches below the point of combustion. In a ^ 
ootton-wick, which is the material best adapted for this purpose, the mi- 
nute, separate fibers of the cotton themselves are capillary tubes, and the in- 
terstices between the filaments composing the wick are also capillary tubes ; 
in these the oil ascends. The oil, however, can not be lifted fiwly beyond a 
certain height by capillary attraction : hence, when the surface of the oil is 
low in the lamp, the flame becomes feeble, or expires. 

If the end of a towel, or a mass of cotton thread, be immersed m a basin of 
water, and the remainder allowed to hang over the edge of ^ the basin, the 
water will rise through the pores and interstices of tiie doth, and gradually 
wet the whole toweL In this way the basin may be entirely emptied. 

If sand, a lump of sugar, or a sponge, have moisture beneath and slightly 
hi contact with it, it will ascend through the pores by the agency of capillary 
attraction in opposition to gravity, and the entire mass will become wet 

The lower story of a house is sometimes damp, because the moisture of the 
ground ascends through the pores of the materials constituting the walls of 
the building. Wood imbibes moisture by the capillary attraction of its pores, 
and expands or swells in consequence. This faxsi has been taken advantage 
of for splitting stones; wedges of dry wood are driven into grooves cut in the 
stone, and on being moistened, swell with such irresistible force as to split 
the block in a direction regulated by the groove. 

t 
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of wbMi is oa&ed tiie "eoatnetod Tein,** tend veiy mvxh to diminish the mo- 
tion and diaohaige of wnler. p^^ ^^^ 
What ifl Hm When WBtwilowsthiw^* circular i^)ertoro 
•'eonferaeted in a Teasel, the diameter of the issuing stream 
mt of ^v!lta?f ^ oootiaoted, and attahis its smaUest dimem 

at a distance ftxnn the orifice equal to the diam- 
eter of the orifice itself The section of the Jet at this point, Fig. 
Ul, 9 9^, will be about two tl^rds of the magnitude of the orifioe. 
This point of greatest oontraotion is called the twM coniraeta, or etPkiracted veiik 
What tfl tha '^^ phenomenon arises flwn the circumstance that a liquid 
eaaaa of thlg oontamed in a vessel rushes ftom all sides toward an orifice, 
phaoomeiMmr ao as to form a system of converging currents. These issuing 
out in oblique directions, cause tiie shape of the stream to change torn the 
cylindrical fiirm, and contract it in the manner described. 
How may tha ^^ ***® attachment of suitable tubes to the aperture^ the 
•ffeek of the effect of the contracted vein may be avdded, and the quan- 
^fbfmU- tlty of fiowfaig water be very greatly facpsased. A short pipe 
•df win dischaige one half more water in the same time, than 

a simple orifice of the same dimensions. The tcbe^ however, must be 
Fio. 142. entirely without the vessel, 

as at B, Fig. 142, for if oor • 
tinned inside^ as at A, the 
quantity of liquid discharged 
will be dimmished instead 
of augmented. 

n» rapidity of the discharge of fiie water will also depend much on ^e 
figure of the tube, and that of the bottom of the vessel, since more water 
will flow through a conical, or bell-shaped tube, as at C, Fig. 142, than 
through a cylindrical tube. A still further advantage may be gained by hav- 
ing the bottom of the vessel rounded, as at D, and the tube bell-shaped. 

An inch tube of 200 feet in length, placed hcMrizontally, will dischaige only 
one fourth as much water as a tube of the same dimensions an vadtx in 
length ; hence^ in all cases where it is proposed to convey water to a distance 
in pipes, there will be a great disappointment in respect to the quantity actu* 
ally delivered, unless the engineer takes into account the friction, and the 
turnings of the pipes, and makes large allowances far these drcumstances. 
If the quantity to be actually delivered ought to fill a two inch pipe, one of 
three inches will not be too great an allowanoe, if the water is to be conveyed 
to any considerable distance. 

In practice^ it will be found that a pipe of two inches in diameter, one hun- 
dred feet k>ng^ wHI discharge about five times as mudi water as one of one 
inch in diameter of the same length, and under the same pressure. This dif- 
ference is accounted for, by supposmg that both tubes retard the motion of 
the fluid, by friction, at equal distances flrom their inner surfiices, and conse* 
quently, the effect of this cause is much greater m proportion, m the small 
tabe^ than in the laige one. 
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WiM% will be 
the difference 
in the flow of 
m li^inid when 
the Tessel ie 
kept fuU and 
when it la al. 
lowed to 
tj itself? 

What ia the 
principle and 
eonstruetion 
of the water- 
clock f 



FlO. 143. 

A 



As the velocity with which a stream issaes depends npon the height of the 
oolomn of fluid, it follows that when a liquid flows from a luwfvu ir which is 
not replenished, but the level of which constantly descends, its velocity will 
be unifimnly retarded. The following prindple has been established :— - 

839. If a vessel be filled with a liquid and 
allowed to discharge itself, the quantity issu- 
ing from an orifice in a given time, will be 
just one half what would be discharged from 
the same orifice in the same time, if the vessd 
was kept constantly full 

340. Before the invention of docks and 
watches, the flow of water through small ori- 
fices was applied by the andeats for the meas- 
urement of time, and an arrangement for this 
purpose was caUed a Gkpaydra, or wat^Mdodc One form of 
this instrument consisted of a cylindrical vessel filled with 
water, and furnished with an orifice which would discharge the 
whole in twelve hours. If the whole depth through which the 
water in the vessel would sink in this tune be divided mto 
144 parts, it will sink through 23 in thefirst hour, 21 in the 
second, 19 m the third, and so on, according to a series of odd 
numbers: this diminishing rate depending on the constantly 
decreasing height and pressure of the column above the point 
of dischai^ The spaces indicated upon a scale attached to 
the side of the vessel, and compared with the position of the 
descending column, inarks the time. Fig. 143 represents the 
fi>rm of Uie water dock. 

841. The force of currents, whe- ' 
ther in pipes, canals, or rivers, is 
more or less resisted, and their velocity re- 
tarded, by the friction which takes place be- 
tween those surfaces of the liquid and the solid which are 
in contact. 

This explams a &et which may be observed in all rivers: 
that ihe velodty of a stream is always greater at the center 
than near the bank, and the velodly at the suxiace is greater 
than the velocity at the bottom. 

842. If a given quantity of liquid must pass 
through pipes or channels of unequal section 
in the same time, its velocity will increase as 
the transverse section diminishes, and dimin* 

iflh as the area of the section increases. 



How is the Te- 
locity of water 
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Thia &ci Is familiar to ereiy one who observes the course of brooks or 
rivers: wherever the bed contracts, the current becomes rapid, and on the 
contrary if it widens, the stream becomes more sluggish. 

343. A very slight declivity is sufficient to give motion to 



2on**ta°TOfflI running water. Three inches to a mile in a smooth, straight 
dtnt to ghrt channel, gives a velocity of about three miles per hour, 
i^l^te? ™' The river Ganges, «t a distance of 1,800 miles from ita 
mouth, is only 800 feet above the level of the sea. Tho 
average rate of inclination of Ihe surftioe of the Mississippi is 1.80 for the first 
hundred miles from the Gulf of Mexico, 2 inches for the second hundred, 2.30 
for the third, and only 2.51 for the firarth. 

Wh«t ifl the ^^ velocity of rivers is extremely variable ; the slower class 
mveragevelooi- moving from two to three miles per hour, or three or four feet 
ty of rhron ? j^j. gecond, and the more rapid as much as six feet per second. 
The mean velocity of the Mississippi, near its mouth, is 2.26 miles per hour, 
or 2.96 feet per second.* 

The quantity of water which passes over the beds of rivers in a given time 
is very various. In the smaller class of streams it amounts to trom 300 to 
350 cubic feet per second. In the smaller class of navigable rivers, it amounts 
to from 1,000 to 1,200 cubic feet; and in the larger dass to 14,000 cubic feet 
and upward. It is estimated that the Mississippi discharges 12 btUions of 
cubic feet of water per minate,f 

* In the eonstniotion of water-duumela for dnimtge, the r^nlatioii of inclination neoes- 
aary to prodnoe free flowage of the water, is a matter of great importance. Thia incUnatioil 
rariea greatly with the size of the stream of water to be conducted oft Large and deep 
rivers mn raffleienily swift with a Ml of a few inches per mile ; smaller rivers and brookf 
require a &U of two feet per mile, or 1 foot In 2,600. Small hrooks hardlj keep an open 
eonrse under 4 feet per mile, or 1 in 1,200; while ditches and covered drains require at 
least 8 feet per mile, or 1 in 600. Furrows of ridges, and drains partiallj filled with loose 
materials, require a much greater inclination. 

t A question of some interest relattve to the eonrse sad iiow of rivers, may, perhaps^ 
be appropriatelj ooosidered in this connection. The question is as foftows: Do the 
Mississippi, and other rivers whose courses are northerly and southerly, flow up hill or 
down hill ? The Mississippi runs from north to south. If its source were at Uie pole and 
its mouth at the equator, the elevation of the mouth would be thirteen miles higher than 
its source, as this is the difference between the equatorial and the polar radii of the 
earth. On this principle, the month of the Mississippi is two and a half miles more ele- 
vated than its source. Does it mn up hUl, and if so, how has its course and motion 
origfaiated? The problem, although apparently one of diiBculiy, admits of an easy 
solution. 

The centrifugal force, caused by the rotation of the earth, has changed, the fbrm of our 
planet from that of a perfect sphere to tliat of an ellipsoid, or a sphere flattened at ttie 
poles, in which the length of the largest radius, exceeds the shorter by thirteen miles,- the 
present form being the figure of eqoilibrinm under the present conditions. The cohesion 
of the solid particles of the earth has nristed, and does resist, to a limited extent, 
the influence of the oentrifngal force which has changed the original figure ; but the par* 
tides of liquid on the earth's surfikee, being perfectly free to move, yldd to the inflnenoe, 
and are at rest ouly so long as the condition of equilibrium is undisturbed, and always 
move in such a way aSi to restore it when it is disturbed. Water, consequently, always 
flows from places which are above the figure of equilibrinm, to those which are below itb • 
Mow the mouth of the Mississippi is two and a half miles more distant from the oanter of 
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HoirmiraTM 3^ When one portion of a liqnid is dis- 
^•ceu fom^ turbedy the disturbance (in consequence of the 
^^ freedom with which the particles of a liquid 

move upon each other) is communicated to all the other 
portions, and a wave is formed. This wave propagates 
itself into the unmoved spaces adjoining, continually en- 
larging as it goes, and forming a series of undulations. 
What is flie ^^* Ordinary sea waves are caused by the 
V^r"^ ■» wind pressing unequally upon the surface of 
the water, depressing one part more than an- 
other : every depression causes a corresponding elevation. 

Where Ae water is of aoflkaent depth, wsves have only s 
Saroe^of "the "^^^^^ motion, i. &, up and down. Any floating body, as a 
wave aotnau J buoj, floating on a waye^ is merely elevated and depresied 
SfJte^if^r' alternately; it doee not otherwise change its place. Th« 
apparmt advance of waves in deep water is an ocular decep- 
tion: the same as whan a oorkacrew is turned round, the thread, or spiral, 
appears to move finrward. 

_^ . ^ 346. A wave is a form, not a thing; the form advances, but 
aiir^ breiUc not the substance of the wave. When, however, a rod^ rises 
^^f **>• to the surface, or the shore by its shallownees prevents or re- 
tards the oscillations of the water, the waves forming in deep 
water are not balanced by the shorter undulations in shoal water, and they 
consequently move forward and kirm breakers. Thus it is that waves always 
break against the shore, no matter in what direction the wind blows. 

When the shore runs out very shallow for a great extent, the breakers are 
distinguished by the name of surf. 

On the Atiantic, during a storm, the waves have been observed to rise to 
a height of about forty-three feet above the hollow occupied by a ship ; the 
total distance between the crests of two large waves being 669 feet, which 
distance was passed by the wave in about seventeen seconds of time. 

the earfh (i «., the eenter of fignre) than the source la. Bnt If it had not heen for the 
restraining infloenee of the cohesive force prerailing among the solid partldes, it would 
haye been, through the aeOonof the eentrifngal force, three miles higher, instead of tiro 
and a hall It la Ihersfon bslow the surJiMa of eqnillbriam, aad th« water flows south 
to fill up the proper leveL 

The question aa to whether the rlrer flows up, or down, depends on the meaning we 
attach to the words used. If hj nowv we mean toward the earth*s center of figure, or 
toward that part of the esirth*s surfaee where the attrsetion of gravity Is the greatest, aa 
at the poles, then Hi^ Mississippi nms up hOl. If; on the eontrary, Dowir means below 
the surftee of eqnilibrinm, and ttp means above the surlkee of equilibrium, then tiie Hie* 
sissipl flows downward. If the earth were a perfect qihere, and without rotation, tho 
river would flow northward. A more complete explanation of this snl^eet will be found 
ia a paper read before the Ameitoan Academy laj ProU Levering in 18M, and in the 
•• AuuMl oTSelMitlfla Diseovvry** for ISffT, pp. 179-469. 

1* 
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H<nr icef Am 3^7. The lesistatice which a liquid opposes 
SSSdto^ioiid ^ a solid body moving through it, varies with 
S^?""^ the fonn of the body. 

The resUtanoe which a plane sui&oe meets with while it 
moree in a liquid, in a directioQ perpendicular to ita plane^ is in general, pro- 
portioned to the square of its velocity. 

What adfua^ If the Burfeoe of a solid moved agamat a liquid be preawited 
tegehMAii Ob- obliquely with respect to the direction of its motion, instead 
£*"*iii<I!IEw* of perpendicularly, the resistance will be modified and dimin- 
animrt a Uq- lahed; the quantity of liquid displaced will be less, and the 
surfiKse, acting as a wedge, or inclined plane, will possess a 
mechanical advantage^ since in displacing the liquid it pushes it aaide^ instead 
of driving it forward. 

The determinatkm of the parUcular Ibrm which riiould be given to a mass 
of matter in order that it may move through a liquid with the least resistance^ 
is a problem of great complexity and odebrity in the history of mathematics, 
inaamufth as it is connected with neaily all Improvements in navigation and 
naval arohitactmre. The prindplea involved in this problem require that the 
length of a venal shovld coincide with the direction of the motion hnparted 
to it; and they also determhie the sfiape of the prow and of the sur&ces be- 
neath tte water. Boats wbidi navigate still waters, and are not intended to 
carry a great amount of freight^ are so 0(m8tnicted that the part of the bot- 
tom immersed moves against the liquid at a veiy oblique angle. 

Vessels built for speed should have the greatest possible leogQi, with merely 
the breadth aeosMaiy to slow the reqvdsite cargo. 

The form and structure of the bodies of fishes in general, are such as to en- 
able them to move through the water with the least resistance. 
Wben an ihe ^^' ^ ^^ paddles of steamboats, that one is only oom- 
puddiM of m pletely effectual in propelling the vessel which is vertical in 
•^boatBUMt ^g ^^^^^^^ because upon that one alone does the resistance 
of the water act at right angles, or to the best advantage. 
In the propulsion of steamboats, it is found that paddle-wheels of a given 
diameter act with the greatest effect when tiieir immersion does not exceed 
the width, or depth, of the lowest paddle-board; their effect also increases 
with the diameter of the wheel 

li the paddle- ^"^^ amount of power lost by the use of the paddle<wheel 
▼heel wa Ja' u a means of propelling vessels Is very greaty nnee, in addi- 
mSSS^Irfap. ^on to the&ct that only the paddle which is vertical in the 
plying pover water IS My effective, the series of paddks in descending 
^n^peiuag ^^^ ^^ ,^^^^^ ^ obliged to exert a downward prearave, 
which Is not available for propulsion, and in ascending, to lift 
a cons i derabie weight of water that opposes the ascent, and adheres to the 
paddles. The rolling of the vessel, also, renders it impossible to maintain the 
paddles at the requisite degree of immersion necessary to give them their 
greatest efftcieDcy; one wheel on one side being occsakmally inunewed too 
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deei^jr, whila tbe o&er wlieel, on the otiidr sSde xna^ be lifted entirely out of 
water. 

Describe the ^^* To remedy in some degiw these owwes of ineflSdency 
eonstnieiion and waste, the sabmerged propelling-wheel, known as the 
SI? ■S^.pijT screuhpropeUer, has been introduced within the last few years, 
pdler. The screw-propeller consists of a wheel resembling in Its fonn 

the threads of a acrew, and rotating on an axle. It is placed 
in the stem of the vessel, b^ow the water-line, immediately in ftont of the 
rudder. Fig. 144 represents one form of the screw-propeller, and its locatica 
in reference to the other parts of the vessel 

Fia. 144. 




The manner in which the screw-propell^ acts hi impelHng the vessel for- 
ward, may be understood by supposing the wheel to be an ordinary screw, 
and the water surrounding it a solid substance. By turning the screw in one 
direction or the other, it would move through the water, carrying the vessel 
with it» and the space throu^ which it would move in each revolution would 
be equal to the distance between two contiguous threads of the screw. In 
fact, the water would act as a fixed nut, in which the screw would turn. 
But the water, although not fixed in its poeltioii as a solid nut, yet offers a 
considerable resistance to the motion of the screw-wheel ; an^ as the wheel 
turns, driving the water backward, the reaction of the water gives a propul- 
sion to the vessel in a contrary direction, or forward. 

.^^^t y Hj^ The great advantage of the screw-propeller is, that its ac- 

peat advan- tion on the water will be the same, no matter to what degree 
•cm-propeUw ^^ ^^7 ^ immersed in it, or how the position of the vessel 
Jj^r ^ P*d- on the surfece of the water may be changed. 

^ 350. The application oi the force of water in motion for im- 

S^^m^h- pel^g machinery, is most extensive and familiar. The sim- 
od of nsing plest method of applying this force as a mechanical agent, is 
S«^0ir«r?^ by means of wheels^ which are caused to revolve by the 
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Into haw numy 




weight, cr pressure, of the water applied to their circamferences. These 
wheels are mounted upon shafts, or axles, which are in torn oonnected with 
the machinery to which motion is to be imparted. . _ - — - — 

351. The water-wheels at present most gen- 
vater-irheeif crallj used may be divided into four classes — 
Siid^f the Undershot, the Ovebshot, the Breast 

Wheel, and the Tourbinb Wheel. 

362. The Undershot ViQ. 145. 

Describe the __ ,../.% i 
constr action of Wheel consists of a wheel, 
mn UndenlMt ^^ ^q circumference of 
Wheel. , . , „ _ , 

which are fixed a number 

of flat boards called ^'^floai-boardSy" at equal 
distances from each other. It is placed in 
such a position that its bwer floats are im* 
mersed in a running stream, and is set in 
motion by the impact of the water on the 
boards as they successiyely dip into it A 
wheel of this kind will reyolve in any 
stream which fhmishes a current of suffi- 
cient power. Fig. 146 represents the construction of the undershot wheeL 

This form of wheel is usually jdaced in a *' race-way," or narrow passage, m 
such a manner as to receive the full force of a current issuing fix>m the bottom 
of a dam, and striking against the float-boards. And it is important to re- 
member, that the moving power is the same, whether water falls downward 
from the top of a dam to a lower level, or whether it issues from an opening 
made directly at the lower level This will be obvious, if it is considefed 
that the force with which water issues from an opening made at any point in 
the dam will be equal to that which it would acquire in falling from the sur- 
&ce or level of the water in the dam down to the same point 

The undershot wheel is a most disadvantageous method of 

applying the power of water, not more than 26 per cent of 

the moving power of the water being rendered available 

by it 
863. In the Overshot 

.Wheel, the water is received 

mto cavities or cells, called 
''buckets," formed in the circumference of the 
wheel, and so shaped as to retain as much of 
the water as possible, until they arrive at the 
lowest part of the wheel, where they empty . 
themselves. The buckets then ascend empty 
on the other side of the wheel to be filled as« 
before. The wheel is moved by the weight of 
the water contained in the buckets on the descending idde. 
fieuts an overshot wheel 



What propor- 
tion of power is 
lost by the un- 
dershot wheel? 

Deserlbe the 

construction of 
the Overshot 
WheeL 



PlO. 146. 




I^g. 146 
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The orerahot wheel is one of the most effectiya yarieliee of 
water>wheel8y and reoeivea its name from the circumstance 
that the water shoots oyer it It requires a fall in the stream, 
rather higher than its own diameter. Wheels of this kind, 
when well constructed, utilize nearly three fourths of the moy- 
ing force of the water. 

354. The Breast Wheel may be considered as a yarietj 
intermediate between the oyershot and the undershot wheelsL 
In this, the water, instead of Ming on tho' wheel from aboye^ 
or passiog entirely beneath it, is deliyered just below the leyel 



What proper- 
tion of tbe 
moving power 
is utilized by 
the orersbot 
vheelf 



Describe the 
construction of 
the Breast- 
^TheeL 



FlO. 147. 



of the axis. The race-waj, or passage for 
the water to descend upon the side of the 
wheel, is built in a circular form, to fit the 
drcumferenoe of the wheel, and the water 
thus inclosed acto partially by its weigLt^ 
and partially by its impulse, or momentum. 
Fig. 147 represents a breast-wheel, with its 
circular race-way. 

' -The breast-wheel, when well constructed, 
will utilize about 65 per cent of the moy- 
ing power of the water. It is more efficient 
than the undershot wheel, but less than the 

oyershot It is therefore only used where the fall happens to be particularly 

adapted for it 




355. The fourth class of water-wheels, the "Tour- 
bine," or " Turbine," is a wheel of modem inyention, 
and is the most powerful and economical of all water- 



Fia 148. 



The principles of the construction and action of the 
Tourbine wheel may be best understood by a preyious 
examination of the construction of another water- 
engme known as ** Barker's MiU." (See Fig. 148.) 

^ _«. .1. This consists of an upright tube or 

Describe the ,. , * . , , .A. « 

eonstracHonof Cylinder, furnished with a smaller 

Barker*sMiU. cToss-tube at the bottom, and en- 

larged into a funnel at the top. The whole cylinder 

is so supported upon piyots at the top and bottom, 

that it reyolves freely about a vertical axis. It is 

eyident if there are no openings in the ends of the 

cross-tubes, and the whole is filled with water, that 

the entire arrangement will, be simply that of a dose ^ 

yessel filled with water, without any tendency to motion. I? howeyer, the 

ends of the arms, or cross-tube, haye openings on the sides, opposite to one 

another, as is represented in the figure, the sides of the tube on which the 

openings are, will be relieyed tcom the pressure of the column of water in the 

Upright tube by the water flowing out, while the pressure on the sides oppo- 
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lite to them, which haye no opemiigB, will remain the nme. The machine^ 
therefore, will revolve in the direction of the greater preasture, tiiiat is, in a 
direction contrary to that of the jets of water. A supply of water poured into 
the fhnnei-head, keeps the cylinder full, and the pressure of the oofaimn of 
water constantk 

The action of this machine may also be explained according to another 
view : the pr e s sure of the column of water in the upright tube, wfll cause the 
water to be projected in jets fitxn the openings at the ends of the arms in 
opposite directions; when the recoil, or reaction of these jets upon the ex- 
tremities of the crooB-tubea^ gives a rotary motion to the whole machine upon 
its vertical axis. 

DMcribe th '^^ Touibine wheel derives its motion, like the Barker's 

eonstrnetioii miU, from Ihe action of ^e pressure of a column of water, 
toe TowbtoJ ^* consists of a fixed, horizontal cylinder, A B, Fig. 149, in 
WbatL the center of which the water enters from an upright tube or 

cylinder, corresponding in position 
^^' ^^' to the upright cylinder of a Baik- 

er's mOl. The water descend- 
ing in the tube diverges from the 
center m every direction, through 
curved water-channels, or com- 
partments, A and B, formed hi the 
horizontal cylinder, and esci^ies at 
Ihe drcumference. Around the 
fixed horizontal cylinder, a hori- 
zontal wheel, D, in the form of a 
ring or circle, is fitted, with its rim 
formed into compartments exactly 
sunilar to the compartments of the 
fixed cylinder, wi^ the exception 
that their sides curve in an oppo- 
site direction. The water issuing 
from the gqide-ourves A B, strikes against the curved compartments of the 
wheel G B, and causes it to revolve. The wheel, by attachments beneath the 
fixed cyhnder A B, is connected with a shaft, E, whkifa passes up through the 
fixed and upright cylinder, and by which motion is imparted to machinery. 

The Touibine wheel may be used to advantage with a iall 
I^iH7 ^ of water of any height, and will utilize more of the force of 
tlM TouUne the moving power than any other wheet-^unountmg, in som 
^ mstances, as at the cotton fiMStories at Lowell, Haas., to up- 

ward of 95 per cent of the whole force of the water. 

866. .It may appear strange to those unacquainted wiUi the 
action of hydraidic engines, that so much of the power exist- 
ing in the agent we use for producing motion, as running 
water, should be lost, amountmg in the undershot wheel to 
76 per cent of the whole power.^ This is due partially to the 




Is it possible 
to eonstraet a 
water-wheel 
which will ren> 
der tin whole 



k: 
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IHctioii of the wattr against the sorfiKM upon which it tUma, and to Ilia fKo- 
tion of the wheel which receives the Ihtce of the canent Force is also lost 
by changing the directioa of the water in order to oonvey it tothe madiinerjr; 
in file sadden change of Telocitf which the water undergoes when it first 
strikes the wheels ; and more than all, ftom the &ct that a considerable amoont 
of ihroo is left nnemployed in the water which esc^ies with a greater of less 
Telocity from every variety of wheeL It may be considered as praotioally 
impossible to construct any fimn of water-engine which will utilise the whole 
force of a current of water. 

35t. Water, although one of the most abundant substances in nature^ and 
ft universal necessity of li^ is not always found in the location in which it is 
desirable to use it Mechanical arrangementa^ therefore, adapted to raise 
wftter from slower to a higlier level, have been among the earliest hiventions 
<^ every country. 

What vera 858. The application of the lever, in the 
^^fo; fom of the old-fashioned well-sweep (still 
^3ng water? ^^g^ ^ ]^^^ ^^^ ^£ ^j^jg ^ountiy, and 

thionghout Eastern Asia), of the pulley and lope, and 
the wheel and axle in the form of. the windlass, were un- 
doubtedly the earliest mechanical contrivances for raising 
water. 

DeMribe the '^^ ^^'^ ^ Archimedes, faivented by the philosopher 
AreUtteOiS whose name it bean, is s oontrivanoe for raismg water, of 
great antiquity. 

This machine^ represented in Fig: 
^®' ^^^' 160, consists of a tube wound in a 

spual form about s solid cylinder, A 
B, which is made to revolve by turn* 
ing the handle H. This cylinder is 
placed at a certain inclination, with 
its lower extremity resting in the 
water. As the <7linder is made to 
revdve, the end of ^e tube dips into 
the water, and a certain portion en- 
ters the orifioe a. By continuing 
the revolution of the cylinder, the 
water flows down a series of indined 
I^anes, or to the under side of the 
tube, and if the inclination of the 
sube be not too great, the waterwiH finally flow ouf at Ae upper orifice into 
apioper reoeplade. 

The following diagram. Fig. 151, re p r es en ting the curved tube in two 
opposite positions, will illustrate the action of the Archimedes screw. Suppose 
ft maible dropped into the tube at <s flg. 1^ : if it was kept stationaiy in the 
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Fif^ 16L tube nntU it was turned half roand, as in the 

position, fig. 2, the marble would be at a'; now, 
if at liberty to move, it would roll down to V; 
but this effect, which we have supposed aooom- 
pliahed all at once, is really, gradually performed, 
and a rolls down toward b' by the gradual tura- 
[\ir ing of the tube^ and reaches V as soon as the 
screw comes mto the position marked in fig. 2 ; 
another half turn of the screw would bring it 
into its first position, and the marble would 
gradually roll fi>rward to e. 

When iru th ^ ^^' "^^ common suction-pump is a later discovery than the 

common Domp screw of Archimedes^ and is supposed to have been invented 
inrentedr ^^ Ctesibius, an Athenian engineer who lived at Alexandria^ 

in Egypt, about the middle of the second century before the Christian era.* 
D-^ fb. 360. The ohain-pump 
constnicfclon of consists of a tube, or cyl- 
tbeohain-pomp. -^^^^^ ^^ Iq^^ part of 

which is immersed in a well or reser- 
voir, and the upper part enters the bot- 
tom of a cistern into which the water is 
to be raised. An endless chain is car- 
ried round a wheel at the top, and is 
furnished at equal distances with flat 
discs, or plates, which fit tightly in the 
tube. As the wheel revolves, they suc- 
cessively enter the tube, and carry the 
water up before them, whidi is dis- 
charged into the cistem at the top of the 
tube. The madiine may be set in mo- 
tion by a crank attached to the upper 
wheel 

Fig. 152 represents the construction 
and arrangement of the chain-pump. 

In what ritna. '^^ chain-pump will 
tions is thu act With its greatest ef- 

in which the plates and 
chain move, can be placed in an inclined 
portion, instead of vertically. It is used 
generally on board of ships and in sit- 
uations where the hdght through which 
the water is to be elevated is not very great, as in cases where the founda- 
tions of dodcs, eta, are to be drained. 

* The ractlon-pnmp, and other machines for raising irater irhich depend upon the 
preasore of the atnuM^Aiere, an deaerilMd iiad«r the bead of I 
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Fonrhai other 
parpoMfl than 
rainng water 
is the ehaln- 
pompiuedr 



Deeerlbe the 
eoDstrucUon of 
the Hydraolio 
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This machine is iiot» however, used ezdnsiYelf Ibr nising 
water. Its applicatioii, in principle, may be seen in any grist- 
mill, where it conveys the flour discharged from the stonen^ 
to an upper part of the buUding, where it is bolted. Dredg- 
ing m ach i nes for elevating mud from the bottom oT rivers, ai« . 
also constructed on the same principle. _ , ,, " ' ' 

whatiaanHv- 361. The Hydraulio ISam is a macWne 
dimoue Bamf constructcd to taise water by taking advantage 
of the impulse, or momentum, of & current of water sud- 
denly stopped in its course, and made to act in another 
direction. 

The simplest construction of the hydraulic ram is repre- 
sented in Fig. 103, and its operation is as follows:— At the 
end of a pipe, B, connected with a spring, or reservoir. A, 
somewhat elevated, from which a supply of water is derived, 
is a valve, B, of such weight as just to &U when the water is quiet, or still, 

within the pipe; this pipe is con% 
nected witii an air-chamber,^ D, 
from which the main pipe, F, leads ; 
this air-chamber is provided with 
a valve opening upward, as shown 
in the cut Suppose dow, the 
water being still within the tube, 
the valve E to open by its own 
weight; immediately the stream 
begins to run, and the water flow- 
ing through B soon acquires a . 
momentum, or force, sufficient to 
raise the valve E up against its seat The water, being thus suddenly ar- 
rested in its passage, would by its momentum burst the pipe, Were it not for 
the other valve in the air-chamber, D, which is pressed upward, and allows 
the water to escape into the air-chamber, D. The air contained in the 
chamber D is condensed by the sudden influx of the water, but inunediately 
reacting by means of its elasticity, forces a portion of the water up mto the 
tubeF. 

As soon as the water in the pipe B is brought to a state of rest, the valve 
of the air-chamber doses, and the valve E foils down or opens; again the 
stream commences running, and soon acquires sufficient force to shut the 
valve £ ; a new portion is then, by the momentum of the stream, urged into 
the air-chamber and up the pipe F ; and by a continuance of this action, 
water will be continually elevated in the pipe F. 

Fig. 154 represents a more improved construction of the ram, in which by 
the use of two air-chambers, G and F, the force of the machine is greatly in* 
creased. A represents the main pipe, B the valve from whence the water 
escapes, G the pipe in which it is elevated. 
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As thifl machine produoea a kind of intennittlng motion from the alternate 
flux and reflux of the stream, accompanied with a noise arising from the shock, 
its action has been compared to the butting of a ram ; and henoe the name of 
the machine. 

It will be seen fix)m these details, that a very insignificant pressing column 
of water, running in the supply pipe, is capable of fordng a stream of water 
to a very great height, so thiU; a suifident &11 of water may be obtained in any 
running brook, by damming up its iq>per end to produce a reservoir, and tiien 
carrying the pipe down the channel of the stream until a suffident fidl ia 
obtained. A considerable length of descending pipe is desirable to insure the 
action of the stream, otherwise the water, instead of entering the alr-yesae], 
may be thrown back, when the yalye is dosed, into the reservoir. 



CHAPTER X. 

PNEUMATICa 



What i« «he ^2* Pneumatics is that department of 
£^^tiH? physical science which treats of the motion 
and pressure of air^^ and other aeriform, or 
gaseous substances. 

Into wiiat two ^^^- Aerfform, or gaseous bodies, may be 
^fora*Jlob! ^i^^^ ^^ *^^ classes, viz,, the permanent 
ttaoee* be di- gases, or those which under all ordinary cir- 
cumstances of temperature and pressure are 
always in the gaseous state, as common air ; and the va- 
pors, which may readily be condensed by pressure, or the 
diminution of temperature, into liquids, as steam, or the 
vapor of water. 

364. Atmospheric air is taken as the tjpe, or representative, of all perma- 
nent gases, and steam as the type of all yapors, because these substances pos- 
sess the general properties of gases and vapors in the utmost perfection. 

What i> the S^* ^h^ atmosphere is a thin, transparent 
*taioq»herer fluid, Or acriform substance, surrounding the 
earth to a considerable height above its surface, and which 
by its peculiar constitution supports and nourishes all 
forms of animal or vegetable life. 

* Atmoepherie air is eompoeed of oxygen sad nitrofen nixed togefber In theptoportioB 
•f lerenty-nine parts of nitrogen and twenty-one of oxTgeo, or about foor-fifkhs nitrogen 
to one-fifth oxygen. Theee tiro gates existing in the atmosphere are not che ml caDy oom- 
Uned with each other, bnt merely mixed. 

Beside these two fngiedienU^ there is always in the sir, atall plaees, earbonle add gas 
and watery Taper, in Tariable proportions, and sometlmee also the odoriliumis matter of 
flowers, and other ToUtfle sobstanees. 

The air in all regions of the earth, and at an derations, nerer Taries in eompositlov, so 
&r as regards the proportions of oxygen and nitrogen which it contains, no matter whether 
it be eollected on the top of high monntains, over marshes, or orer deserts. 

It Is a wonderftil principle, or law of nature, that when two gases of different weights, 
or spedfie graTltles, are iftixed together, they can not remain separate, as flnids of differ- 
ent densities do, bnt dlfliise themselres uniformly thronghont the whole space which both 
occupy. It is, therefore, by this law that a Taper, arisfaig by its own elastldty from a 
TolatOe substance, is caused to extend Its Influence and mingle with the surrounding at- 
inoq>here, uutH its effects become so enfeebled by dilution as to be Imperceptible to the 
aenees. Thus we are enabled to ei^oy and peroeiTe at a distance the odor of a fUnrtr- 
CMden, or a perfhme vhidi has been exposed la an apartoMntk 
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The atmoephere is not, as is generallj regarded, invislblei 

Dhenrt^er' When seen through a great extent, as when we look upward 

in the sky on a dear daj, the vault appears of an azure, or 

deep blue color. Distant mountains also appear blua In both these instances 

the color is due to the great mass of air through which we direct our vision. 

The reason that we do not observe this color in a small quan- 
A n^qoand- tity* of air is, that the portion of colored light reflected to the 
Sibtt^oSJ*?*** ®^ ^^ * limited quantity is insufficient to produce the requis- 
ite sensation upon the eye, and in this way exdte in the mind 
a perception of the color. Almost all slightly transparent bodies are exam- 
ples of this &ct 

If a glass tube of small bore be filled with sherry wine, or wine of a simi- 
lar color, and looked at through the tube, it will be found to have all the 
appearance of water, and be colorless. If viewed from above, downward, in 
the direction of its length, it will be found to possess its original color. In 
the first instance, there can be no doubt that the wine has the same color 
as the liquid of which it originally formed a part ; but in the case of small 
quantities, the color is transmitted to the eye so fiuntly, as to be inadequate to 
produce perception. For the same reason, the great mass of the ocean 
appears green, while a smaU quantity of the same water oontained in a glass 
is perfectly colorless. 

i>oeg tir poB- 366. Air, in common with other material 
SSw *qttSil substances, possesses all the essential quali- 
ties of matter? ^j^g of matter, as impenetrability, inertia, and 



weight. 

What an 



367. The impenetrability of air may be shown by taking a 
proofs of tibe hollow vessel, as a glass tumbler, and immersing it in water 
worSr?***"* with its mouth downward ; it will be found that the water 

will not fill the tumbler. If a cork is placed upon the water 
under tiie mouth of the tumbler, it will be seen that as the tumbler is pressed 
down, the air in it wUl depress the sur&ce of the water on which the oork 
floats. The diving-bell is constructed on the same principle. 

368. The inertia of the air is shown by the resistance which 
proofe of tb« it opposes to the motion of a body passing through it Thus, 
inertift of air f jf ^^ ^p^^ ^^^ umbrella, and endeavor to carry it rapidly with 
the concave rade forward, a considerable force will be required to overcome 
the resistance it encounters. A bird could not fly in a space devoid of air, 
even if it could exist without respiration, since it is the inertia, or resistance 
of the particles of the atmosphere to the beating of the wings, which enables 
it to rise. The wings of birds are larger, m proportion to their bodies, than 
the fins of fishes, because the fluid on which they act is lees dense, and has 
proportionally less inertia, than the water upon which the fins of fishes act 

To irbat ex- 869- Air is highly comprcssible and pcrfectlj 

tent is ftlr ploaf;^ 
eompre«dUer eiasUC. 

By these two qualities air and all other gaseous substances 
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are particnlarlj dtstingidshed firom hqwSia, which reabt oompressioii, and pos- 
sess but a small degree of elasticity. IllustratioDS of the oompreasibility of air 
are most faimiliar. A quantity of air contained in a bladder, or India-rubber 
bag, may be easily forced by the pressure of the hand, to occupy less space. 
There is, indeed, no theoretical limit to the compression of air, for with every 
additional degree of force, an additional degree of compression may be obtained. 
The elasticity, or expansibility of air, also manifests itself 



anr oon- in an unlimited degree* Air cannot be said to have any 
iSam^* * original size or volume, for it always strives to occupy a 



Does air poa- 

larger space. 
m*tsreiiiiM- When a part of the air inclosed in any vessel is withdrawn, 

traUoiu of the ,,,,.. . j* i. -^ ^_x. _._ i 

•zpansitnUtj that which remams, expanding by its elastic property, always 
oi^irl fills the dimensions of the vessel as completely as before. If 

nine tenths were withdrawn, the remaining one tenth would occupy the same 
space that the whole did formerly. 

This tendency of air to occupy a lai^ger space, or in other words, to morease 
its volume, causes it when confined in a vessel, to continually press against 
the inner sur&oe. If no corresponding pressure acta from the outer surface^ 
the air will burst it, imless the vessel is of considerable strength. This fact may 
be shown by the experiment of placing a bladder partially filled with air be- 
neath the receiver of on air-pump, and by exhausting the air in the receiver 
the pressure of the external air upon the outer sur&oe of the bladder is re- 
moved. The elasticity of the air contained m the bladder being then unre- 
sisted by any external pressure, will dilate the bladder to Its fullest extent^ 
and oft-times burst it. 

^meairweiKMr ^^^' '^^^ ^ ^^^^ ^^ ^ othcr gases aod va- 
pors, possesses weight. 

The weight of air may be shown .by first weighing a suitable vessel filled 
with air; then exhausting the air fi*om it by means of an air-pump, and weigh* 
ing again. The difference between the two weights will be the weight of the 
air contained in the vessel 

The weight of 100 cubic inches of air is about 31 grains. 

To irhat ie the ^^^' ^^^ elasticity, or expansion of air is due 
2rdlwY ^' *^ ^^^ peculiar action of the molecular forces 
among its particles, which manifest themselves 
in a very different manner from what they do in solid and 
liquid bodies. 

In solid bodies, these forces hold the molecules, or particles together so 
closely, that they can not change th«r respective positions; they also hold 
together the particles of liquid bodies, but to such a limited extent only, as to 
enable the particles to move upon each other with perfect fireedom. But in 
gases, or aeriform substances, the molecular forces act repulsively, and give to the 
particles a tendency to move away fix>m each other; and this to so great an ex* 
tent, that nothing but external impediments can hinder their further expansion. 
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wh&t Hmiu ^^ iineetioii, tfaerafore, luitanlly oooan in this oomieetioD, 
thttatmosphen TO.: If air expftods unlimitodly, when nnreitricted, why doei 
to the Mrth? j^^^ ^yyr atmosphere leave the earth and difRiae Heelf through- 
out Bpaoe indefinitelj? This it would do were it not lor the action of gravi- 
tation. The particles of air, it must be remembered, possess weight, and-bf 
gravity are attracted toward the center of the earth. This tendency of gravity' to 
condense the air upon the earth's sqi&oe, is opposed by the mutual repnlsioih 
existing between the particles of air. These two fiuroes coonterfoalance each 
other : the atmai^here will therefore expand, that ii^ its particles will separata 
from one another, nntilthe repulsive force is diminished to such an extent as tn 
render it equal to the weight of the partides, or what ia the same things ta 
the foree of the attracticm of gravitation, when no flvther expanrion can taka 
place. Wemay therefore conceive the particles of air at the upper suifiuie of 
the atmosphere resting in equilibriom, under the it^uence of two opposite 
fttoes^ viz., their own weight, tending to cany them downward, and tba 
mutoalrepuWoB of the particle% whidi oonstitatea the elasticity of air, tend, 
ing to diive them upward. 

wutuir ret- ^^l. The donsitj of the air, or the quantity 
SiS??f*i£«*Sl contained in a given bulk, decreases with the 
■**^«**»' altitude, or height above the surface of the 
earth. 

This is owing to tlie diminished pressure of the sir, and Fio. 165. 

the decreasing force of gravity. Those portions directly 
incumbent upon the earth are most dense, because they bear 
the weight of the superincumbent portions; thus, the hay 
at the lower part of the stack bears the weight of that 
above, and is therefore more compact and' dense. (See Fig. 
155.) This idea may be conveyed by the gradual shading 
of the figure, which indicates the gradual diminution in the 
density of the atmosphere in proportion to its altitude. 

When ia air 372. Air is Said to be rarefied 

aaidtobemra- t •. • % a j i 

fled? when it IS caused to expand and occupy a 

greater space. 

Generally, when we speak of rarefied air, we mean air that is expanded to 
a greater dogree, or is thinner, than the air at the immediate sui&ce of the 
earth. 

373. The great law governing the oompreasibility of air, which is kaowA 
fiom its discoverer as ** Mariotte^s Law,'' may be stated as follows: 

What ia M». ^^^ volume of space which air occupies is in-- 
riotto'a Lairr yersoly as the pressure upon it. 

If tiie compressing foree be doubled, the air which is compressed will 
occupy one half of the space: If the compressing force be increased in athree- 
fold proportion, it will occupy one third the space; if fooi&ld, one fourth tbs 
qpace, and so on. 
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What relation 
exists Isetween 



The niatkm between the oo mp namW^ of air, and its eUotidty and deu* 
iftj; aleo obeys a certaia law which may thua be expreaaed:-— 

874. The density and elasticity of air are 
directly as the forpe of compression. 

This relation is clearly exhibited by the followizig table :— 
With the same amount of air, occupying the space of 

the elasticity and denaty wiU be 1, 2, 3, 4, 5, 6, 100.. 

g Hence by compreasuig air into a Teiy small qMce, by meaiia 
of ofapioperapparatufl^ we can increaae its elastic foroe to suoh 
an extent as to apply it fi)r the production of Toxy powerful 
effects. The well-known toy, the pop-gun, is an example of 
the application of this power. The qwce A of a hollow blinder, Fig. ^66, is 
jfidoaed by the stopper, j>, at one end, and by the end of the rod, S^ at the 
othfflr end. This rod being pushed further into the qrlinder, the air contained 
in the space, A, is compreaaed until ita elastic force becomes so great as to 
djive out the stopper, p, at the other end of the cylinder with gieat ibrce, 



of air 
and 
Ityanddaiuttyf 



What are 



theelaaticforee 
•faitf 
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m 



accompanied with a report The air-gun is constructed and operated on a 



amilar principle. 

Prwe d fl- ^'^^' ^'^ ^^" ®' Mariotte may be 
lastrattt the illustrated and proved by the following 
Uws ofMariotte. experiment: let A B C D be a long, 
bent glass tube, open at its longer extremity, and fur- 
nished with a stop-cock at the shorter. The stop-cock 
being open lo as to allow free communication with 
the air, a quantity of mercury is poured into the 
open end. The sur&oes of the mercuiy will, of course^ 
stand at the same level, E F, in both legs of the 
tube, and will both sustain the weight of a col- 
umn of air reaching from E and F to the top of 
the atmosphere. If we now close the stop-cock, D, 
the effect of the weight of the whole atmosphere 
above that pomt is cut off, so that the sur&ce, F, can 
Bostain no pressure arising from the weight of the 
atmosfdiere. Still, the level of the mercury in both 
legs of the tube remains ,the same, because the elas- 
tictty of the air inclosed in F D is predsely equal, and 
sufficient to balance the weight of the whole ccdumn 



Fig. 157. 
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of atmosphere preflsing upon the 8ur&ce, IL If this were not the ease, or if 
there were no air ia F D, then the weight of the atmosphere pressing upon 
the surface E would force the mercury, E B C F, up into the space, F D. The 
dasiicUy of air is, iherefore^ direcUy proporHoMUe to the /orce^ or compressioni 
exerted vponiL 

It is oTident that the pressure exerted upon the sur&ce, E, Fig. 15*7, what- 
ever may be its amotmt, is that of a column of air reaching fix>m E to the top 
of the atmosphere, or, as we express it, the w'eight of one atmosphere. The 
amount of this pressure, accurately determined, is equal to the weight, or 
pressure, which a column of mercury 30 inches high would exert on the 
same surface. If then, we pour into the tube, A E, Fig. 157, as much 
mercury as will raise the surfiM^e in the leg A B 30 inches above the 
8ur&oe of the mercury in the leg D G, we shaU have a pressure on the 
surface of E equal to two atmospheres; and nnoe liquids transmit pressure 
equally in all direcdoos, the same pressure will be exerted on the air included 
In the leg D F. This will reduce it in volume one hal( or compress it into 
half the space, and the mercury will rise in the leg D F from F to F. This 
weight of two atmospheres reduces a given quantity of air mto one half its 
volume. In the same manner, if mercury be again poured into the tube A 
E until the sur&oe of the coluidn in A E is 60 inches above the level of the 
mercury in D F, then the air in D F will be compressed into one third of its 
original volume. In the same manner it could be shown, by continuing these 
experiments, that the diminution of the volume of air will alwaj'S be in the 
exact proportion of the increase of the compressing force, and its volume can 
also be increased in exact proportion to the diminviion of the compressing 
force. In fact this law has been verified by actual experiment, until the air 
has bean condensed 27 times and rarefied 112 times. 

Air has been allowed to expand into more than 2,000 times its bulk, and 
it would have expanded still more if greater space had been allowed. Air 
has also been compressed into less than a thousandth of its usu£d bulk, so as 
to become denser than water. In this state it still preserved its gaseous form 
and condition. 

w th i ht ^*^^' "^^^ ^^^ ^^ ^ possesses weight, and consequently 
of air known exerts pressure, was not known until about two hundred years 
SenteT^* *"" ago. The ancient philosophers recognized the fjMst, that air 
was a substance, or a material thiug, and they also noticed 
that when a solid, or a liquid, was removed, that the air rushed in and filled 
up the space that had been thus deserted. But when called to give a 
reason for this phenomenon, they said "that nature abhorred an empty 
spaoe," or a *' vacuum," and therefore filled it up with air, or some liquid, or 
solid body. 

What is a 377. A vacuum is a space devoid of matter; 

Tacaumf ^ general, we mean by a vacuum a space de- 
void of air. 

Ko perfect vacuum can be produced artificially; but confined spaces can 
be deprived of air sufficiently for all experimental and practioal purposea. 
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We do not know, moreoyer, that anj meaam exists in natme, althongh there 
is no conclusiye evidence that the spaces between the planets are filled with 
anj material subetanoe. 

If we dip a pail into a pond, and fill it with water, a hole (or vacnnm) is 
made in the pond as big as the paU ; but the moment the pail is drawn out» 
the hole is fiDed up by the water around it In the same manner air rashes 
in, or rather is preeaed in bj its weight, to fill up an empty qMuse. 
How does When we place one end of a straw, or tube in the mouth, 

water rise in % and the Other end in a liquid, we can cause the liquid to rise 
■tow bj MM. mthe straw, or tube by sucking it up^ as it is called. We^ 
however, do no such thing; we merely draw into the mouth 
the portion of air confined in the tube, and the pressure of the external air 
which is exerted on the sui&oe of the liquid into which the tube dips, being 
no longer balanced by the elasticity dttto air in the tube, forces the liquid up 
into the mouth. I^ however, the straw were gradually increased in length, 
we should find that above a certain length we should not be able to raise 
water into the mouth at all, no matter how small the tube mig^t be in diam- 
eter ; or, in other words, if we made the tube 34 feet long, we diould find 
that no power of soctioD, even by the most powerful machinery instead of 
the mouth, could raise the water to that height The water rises in the com* 
mon pump in the same way that it does in tiie straw ; but not above a hei^^t 
of 33 or 34 feet above the level of the reservob. 

How wM Ae ?^®' "^^ reason why water thus rises in a straw, or pump, 
•flcentof water remained a mysteiy until explained and demonstrated by Tor- 
£>?'flJi^^ ricelli, a pupil of GaKleo. It is clear that the water is sus- 
pUinedendde- tained in the tube by some force, and Toiricelli argued that 
monatnted? whatever it might be, the weight of the coltunn of water sus- 
tained must be the measure of the power thus manifested ; consequent^, if 
another liquid be used, heavier or lighter, bulk for bulk, than water, then th» 
game force must auskUn a lesser or greater column of suck liquid. By using a 
much heavier liquid, the column sustained would necessarily be much shorter, 
and the experiment in every way more manageable. 

Torricelli verified his condufflons in the following manner: — ^He selected 
for his experiment mercury, the heaviest known liquid. As this is 13-^ 
times heavier than water, bulk for bulk, it followed that if the force imputed 
to a vacuum could sustain 33 feet of water, it would necessarily sustain 
13^ times less, or about 30 inches of mercury. Torricelli therefore made the 
following experiment^ which has since become memorable in the history d 
science :— 

He procured a glass tube (Fig. 158) more than 30 Inches long, open at one 
end, and dosed at the other. Filling this tube with mercury, and applying 
his finger to the open end, so as to prevent its escape, he inverted it, plung- 
ing the end into mercury contained in a cistern. On removing the finger, he 
observed that the mercury in the tube fell, but did not fell altogether into the 
eistem; it only subsided until its surfece was at a height of about 30 inches 
•boTO the sor&ce of the mercury in the dstera The result wais what Tor- 

8 
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ricelli expected, and he soon Fia. 168. 

perceived the trae cause of the 

phenomenon. The weight of 

the atmosphere acting upon 

the 8urfiK» of the mercury in 

the vessel, supports the liquid 

in the tuhe, this last being 

protected from the pressure of 

the atmosphere by the closed 

end of the tube. 

_ ,^ 379. The fact 

How WM the ., A Ai- 1 
oonclnrfon of that the col- 
TorriceUi for- ^^^^ ^f ^er- 
therT«rifledf 

cuxy m the 

tube was sustained by the 
pressure of the atmosphere^ 
was further verified by an ex- 
periment made by Pascal in 
France. He argued, that if 
the cause which sustained the 
column in the tube was the 
wei^t of the atmosphere act- 
ing on the external surface of 
the mercury in the cistern, 
then, if the tube was trans- 
ported to the t(^ of a high 
mountain, where a less quan- 
tity of atmosphere was above 
it, the pressure would be less, 

and the length of the column less. The experiment was tried by carrying 
the tube to the top of a mountain in the interior of France, and correctly 
noting the height of the column during the ascent It was noticed that the 
height of the odunm gradually diminished as the elevation to which the 
instrument was carried increased. 

The most simple way of proving that the column of mercury contained in 
the tube, as in Fig. 158, is only balanced against the equal weight of a column 
of air, is to take a tube of sufficient length, and having tied over one end a 
bladder, to fill it up with mercury, and invert it in a cup of the same liquid; 
the mercury will now stand at the height of about 30 indies; but if with a 
needle we make a bole in the bladder closing the top of the tube^ the mer- 
cury in the tube immediately falls to the level of that in the cup. 

These experiments by Torricelli led to the invention of the 
Barometer,, It was noticed that a column of mercury sua- 
tained in a tube by the pressure of the atmosphere, the tube 
being kept in a fixed positton, as in Fig. 159, fluctuated from 
d^r to day, withii^ certain smaU limits. Thia e£foct waa 




Hoir did the 
experiment of 
Torrioelli lead 
to the inven- 
tion of the Ba- 
rometer? 
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Why chonld 
thepreMneaof 
condensed Ta- 

Sr of water in 
8 almos- 
pheraaflbetite 
pressiirttf 



What if the 
most perfect 
Taeoiim with 
which wo art 
aequaintodf 



naturaHj attribated to the Tariation in the weight or ]»«•- 
sure of the incumbent atmoi^here, arising from varioui me- 
teorological causes. 

Thus, when the air is moist or filled with vapon^ it is lighter 
than usual, and the column of mercury stands low in the . 
tube ; but when the air is dry and free from tsikv, it it beaTiar, ,' 
and supports a longer column of mercuxy. 

So long as the vapor of water exists in the 
atmosphere, as a constituent part of it^ it con* 
tributes to the atmospheric pressure, and thus 
a portion of the column of mercury in the bar 
IOmeter tube is sustained by the weight of tho 
Tapor ; but when the vapor is condensed, and 
takes on a yisible form, as douds, etc, then it no longer 
forms a constituent part of the atmosphere, any more than dust^ 
smoke, or a balloon floating in it does^ and the atmospheric 
pressure being diminished, the mercury in the tube falls. In 
this way the barometer, by showing variations in the weight 
of the air, indicates also the changes in the weather. 

380. The space above the mercury in the ^__^^ 
barometer tube, A D, ilg. 169, is called the 
fkrricellian vacutim, and is the nearest approach to a perfect 
vacuum that can be procured by art; fbr upon presnng the 
lower end deeper in the mercury, the piQ^ 150^ 

whole tuba becomes completely filled ; the fluid again 
felling upon elevating the tube, it is therefore a per- 
fect vacuum, with the exception of a small portion 
of mercurial vapcv. 

381. Barometers are constructed hi very different 
forms — ^the principle remaining the same, (^course, in 
alL The first barometer constructed was simply a tube 
ctoaed at one end, filled with mercury, and inverted 
in a vessel containing mercury, as in fig. 159. 
What if tho ^ ^^^^ common form of barometer, 
eonstrncUonof called the "Wheel-Barometer," con- 
ftiomofaJr*' Bists of a glass tube, bent at the bot- 
tom, and filled with mercury. (See 
Pig. 160.) The column of mercury in the long arm 
of the tube is sustained by the pressure of the atmos- 
phere upon the surfece of the mercury in the shorter 
arm, the end of which is open. A small float of iron 
or glass rests upon the mercury in the shorter arm of 
the tube, and is suspended by a slender thread, which 
is passed round a wheel carrying an index, or pointer. 
As the level of the mercury is altered by a variation 
of the pressure of the atmosphere, the float resting 
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upon the open sur&oe, is raiaed or lowered in the 
tube, moving the index over a dial-plate, upon which 
the yarious changes of the weather are lettered. 

Fig. 160 represents the int«mal structure of the 
wheel-baiometer, and Fig. 161 its external appear- 
ance, or casing^ with a thermqmeter attached. 
Deterlto Che -^ ^^^ curious barometer, called 
▲iMToid B*- the ^^Ameroid Bairomxier^^ has been 
'**°^'"- inyented and brought into use within 

the last few Tears. Fig. 162 respresents its ap- 
pearance and construction. Its action is dependent 
on the eflfoct produced by atmospheric pressure on a 

metal box, from 
which the air 



FiO. 16L 



FiO. 162. 




has been ex- 
hausted. In the 
interior of the 
box is a circu- 
lar spring of 
metal, &stened 
at one extremi- 
ty to the sides 
of the box, and 
attached at the 
other extremity 
by a suitable ar- 
rangement to a 
pomter, which 
moves over a 
dial-plate, or 
scale. The in- 
terior of the box being deprived of air, the atmospheric pressure upon tlie 
external surfaces of the metal sides is very great, and as the pressure varies, 
these surfaces will be elevated and depressed to a slight degree. This motion 
is communicated to the spring in the interior, and from thence to the pointer^ 
which, nuyving upon the dial, thus indicates the changes in the weather, ost 
the variation in the pressure of the atmosphere. 

Wliat are Ae ^^ter, or Some other liquid than mercury, may be used for 
l>eeaiiaritiMor filling the tube of a barometer. But as water is 13^ times 
lighter than mercury, the height of the column in the water- 
barometer supported by atmospheric pressure, will be 13| times 
greater than that of mercuiy, or about S4 feet high ; and a change which 
would produce a variation of a tenth of an hich in a column of mercury, would 
produce a variation of an inch and a third in the column of water. The 
water-barometer is rarely used, for various reasons, one of which is, that a 
barometer 34 feet high is unwieldy and difficult to transport 




the water-l»< 
rometer? 
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382. The ordinaiy use of tiie bATometer on land as a weiither 
J2Si* 5 Se indicator u extremelj limited and uncertain. It has been 
iMurometer as ft already stated that the weight of 100 cubic indies of air is 
▼ntiker iadi- |^u( 30 grains. To obtain this result, it is necessary that the 

esperiment should be performed at the lerel of the sesy and it 
is also requisite that the temperature of the air should be about 60« Fkhren- 
heit's thennometer, and that the height of the column of mereory in the ba- 
rometer tube should be 30 inches. As these conditions vary, the weighty or 
pressure of the atmosphere, and consequently tiie height of the menmry hi 
tae barometer tube must also vary. Especially will the height of the mer- 
curial column vary with every change in the position of the mstrument as 
regards its elevation above the level of the sea. A barometer at the bsse dt 
a lofty tower will be higher at the same moment than one at the top of the 
tower, and consequently two such barometers would indicate different com- 
ing changes m the weather, though absolutely situated ui the same place. No 
correct judgment, therefbre, can be formed relative to the density of the at- 
moj^ere as afifecting the state of the weather, without reference to the situ- 
ation of the instrument at the time of making the observation. Ck>nsequently, 
no attention ought to be paid to the words ^^fair^ ratn, ckmigeabU^^* etc., fie* 
quently engraved on' the plate of a barometer, as they will be found no cer- 
UUn indication of the correspondence between the heights maiiced, and the 
state of the weather. 

itent -^^ barometer, however, may be generally relied on fbr 
may the ba- furnishing an indication of the state of the weather to this ez- 
iiSla***fo*f *^^' tent; — ^that a fall of the mercury in the tube shows the ap- 
telling ehangea proach of foul weather, or a storm; while a rise indicates 
Intheireathcrf the approach of fiiir weather. 

At sea, the indications <^the barometer respecting the weather, are gener> 
ally considered, from various circumstances, more reliable than on land: the 
great hurricanes which fl^uent the tropics, are almost always indicated, some 
time before the storm oocurs, by a rapid &11 of the mercury. 

383. If a barometer be taken to a pomt elevated above the 
barometer be surface of the earth, the mercury m the tube will fall ; because 

S^n'r ** toi ^ ^® ®**"^ *^^^® *^® ^®^®^ ^^ *® "^^ *^® pressure of the 
height of atmosphere becomes less and less. In this way the barometer 
mottntaiosr maybe used to determine the heightsof mountains, and tables 
have been prepared showing the degrees of elevation corresponding tojlhj^ 
amount of depresrion in the column of mercury. - — """"^ 

What !• the 384 The absolute height to which the at- 
Sf'^SrltaS?* niosphere extends above the surface of the 
pheraf ^afth 18 uot Certainly known. There are good 

reasons, however, for believing that its height does not 
exceed fifty miles. 
This envdope of air is about at ihidc, in propcnrtion to the whole globe^ at 
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the liquid lajw adhering to an orange after it baa been dipped in water, ia 
to the entire maas of the orange. Of the whole bulk of the atmosphere, the 
cone, or layer whiuh surrounds the earth to the hei^^t of nearly 2 3-4 miles 
fit>m its sur&oe^ is supposed to contain one halC The remaining half being 
reUered of all superincumbent pressure, expands into another zone, or belt» 
of unknown thickness. Fig. 163 will convey an idea of the proportion which 
the highest mountains bear to the curvature of the earth, and the thickness 
of the atmosphere. The concentric lines divide the atmosphere into aix layers^ 
containing equal quantities of air, showing the great compression of the k>wer 
layers by the weight of those above them. 

Fio. 163. 




■OLAI^TAa. 



H«ir If Am 
pnwnra of 
•Artfonn sab- 



Wbat If fha '^**«' ^ »^><w** ^® t"™*" *^ weight of air, taken bulk for 
eomjnrmtiTa bulk, and the weight of the whole atmosphere enveloping our 
Ataionliw*?* ^^^ ^'^ ^^^^ estimated to be equal to the weight ci a gk>be 
of lead sixty miles in diameter. 
If the whole air were oondensed, so as to oocupy no more space than the 
game weight of water, it would extend above the earth to an elevation of 
thirty-four feet 

385. All aeriform, or gaseous sabstances, 
like liquids, transmit pressure ia every direc- 
tion equally ; therefore, the atmosphere presses 
upward, downward, laterally, and obliquely, 

with the. same force. 

386. The amount of pressure which the at- 
mosphere exerts at the level of the ocean is 
equal to a force of 15 pounds for every squaro 
inch of surface.^ 

The sur&ee of a human body, of average size, measures 
about 2,000 square inches. Such a body, therefore, sustains 
a pressure from the atmosphere amounting to 30,000 pounds, 
or about 16 tons. 

The reason we axe not crashed beneath so enormous a load, 

is because the atmosphere presses equally in all directions, 

^£taS!qS^ and our bodies are filled with h'quids capable of sustaining 

pressure^ or with air of the same densify as the. external air; 
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80 that the externa! presnure is met and counterbalanced hy the faitemal re- 
sistance. 

If a man, or animal were at once relieved of all atmospheric preasare, all 
the blood and finida of the body woold be forced by expansion to the soi&ce^ 
and the Tesaels would burst 

vrhmk .it.ri u Persona who ascend to the summits of very high mount^ni^ 
ezperieneed iiv, or who rise to a great elevation in a balloon, have experienced 
^S^Skm^^ ^® ™*^ mtense suffering from a diminution of the atmos- 
pheric pressure. Hie air contamed in the vessels of the bodj; 
being reUeved in a degree of the external pressure, expands, causing intense 
pain in the eyes and ean^ and the minute veins of the body to swell and 
open. Travelers, in ascending the high mountains of South America, have 
noticed the blood to gush from the pores of the body, and the skin in many 
plaoea to crack and burst. 

What ft thtt ^® become painlUly sensible of the effect of withdrawing 
principle of the external pressure of the atmosphere from a portion of the 
* eaniBf r * gi^iQ of ^Q Yyo^y JQ ^1^ operation of cupping. This is efiected 
in the following manner : a vessel with an open niouth is connected with a 
pump, or apparacua for exhausting the air. The mouth of the vessel is ap- 
ptied in air-tight contact with the skin ; and by woridng the pump a part of 
the air ia withdrawn from the vessel, and consequently the skin within the 
vessel is relieved from its pressure. All other parts of the body being still 
subjected to the atmospheric pressure^ and the elastic force of the fluids con- 
tained in the body having an equal degree of tension, that part of the skin 
which is thus reeved from the pressure swells out^ and will have the ap- 
pearance of being sucked into the cupping-glass. 

If the Hps be applied to the back of the hand, and the breath drawn in so 
as to produce a partial vacuum in the mouth, the skin will be drawn, or sucked 
in — not from any force resident in the lips or the mouth drawing the skin in, 
bat from the &ct that the usual external pressure <^ air is removed, and the 
pressure from within the skin is allowed to prevail 

. . The sense of oppression and lassitude experienced in sum- 
too feel op- mer previous to a storm, is caused by 
preM^ btfoio ^ diminished pressure of the atmosphere. *^^ 

The external air, in such instances, be- 
comes greatly rarefied by extreme heat and by the con- 
densation of vapor, and the air inside us (seeking to 
become of the same rarity) produces an oppressive and 
suffocating feeling. 

387. The direct effects of atmospheric 
eommoa Boekp pressure may be illustrated by many 
^* practical experiments. If a piece of 

mdst leather, called a sucker, Fig. 164, be placed in 
dose contact with any heavy body, such as a stone, or a 
piece of metal, it will adhere to it, and if a cord be at- 
tached to the leather, the stone^ or metal, may be nused 
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by it The effect of the sucker ariaee from the eznfawon of the air between 
the leather and the sur&oe of the atone. The weight of the atmoephere 
in:eflBe8 their surfacea together with a fisroe amonntiiig to 15 pounds on every 
square inch of the surface of contact. If the sucker could act with ftill 
effect, a disc an inch square would support a weight of 15 pounds ; two 
square inchei^ 30 pounds, etc. The practical effect, however, ci the saeker 
is much lesa 

388. The power of flies and other small insects to walk on 
p tnclpie ere ceUings, and sur&ces presented downward, or upon smooth 
iiVapwT^ panes of glass, in opposition to the gravity of their bodies, ia 
cciung, ete. f generally refered to a 8ucker*like action of the palms of their 
I'eet Recent investigationB have, however, proved, that the effect is rather 
due to the mechanical action of certain minute hairs growing upon the feet| 
which are tubular and excrete a sticky liquid. 

389. For the purpose of exhibiting the effects produced by 
the atmoephere in different conditions, and for various practi- 
cal purposes, instruments have been contrived by which air 
may be removed from the interior of a vessel, or condensed 
into a small space to any extent, within certain limits. The 

first of these requirements may be obtained by the use of the instruments 
known as the exhausting syringe and the air-pump. 

The exhausting syringe consists of a hollow cylinder, generally ^q, ig5. 
of metal, B C, Fig. 165, very truly and smoothly bored upon the 
inside, and having a piston moving in it air-tight This cylinder 
communicates by a screw and pipe at the bottom, with any ves- 
sel, generally called a receiver, from which it is desirable to with- 
draw the air. The piston has a valve at £, opening upward, 
and at the bottom of the <^linder another valve precisely similar 
is placed, which also opens iq>wani, shown at A. Suppose 
now the piston to be at the bottom of the cylmder and the re- 
ceiver to be in proper connection— upon raising the piston by 
the handle, D, a vacuum is made in the cylinder ; immediately 
the air in the receiver expands, passes through the valve A at 
ihe bottom of the cylinder, and fills its interior ; upon depressing 
the piston, the valve E opening upward permits the «ir to pass 
through, and the valve A at the bottom of the cylinder closing, 
prevents it from passing back into the receiver. Upon again 
raifflng the piston, a further portion of air expanding from the 
receiver, enters the interior of the syringe, and upon depressing the piston, 
passes out through its valve. It is evident that this operation may be con- 
tinued as long as the air within the receiver has elasticity sufBdent to fi>roe 
open the valves. 

The process of r emov in g air fitxn a vessel, or receiver, by means of the ex- 
hausting syringe is slow and tedious, and more powerful instruments, known 
as air-pumps, are generally employed ibr this purpose. The modem form 
of constructing the air-pump ia represented by Fig. 16& The prmcq^ of its 



PNBUXATIOS. 



177 



VnuA ft th« 




ooDitniction Is the wuu^ as JTKk 166. 

that of the tzlumstuig ^* 
linge^ tho piston being work* 
ed bjaloTer or baadlt^ asin 
tbeoomnxm pamp^ tlie Takpet 
Ofwoing md do«ng with 
great nioet j and perfection. 
381.Wheo 

the deoiitf 
^Jj;^y»™^ of the air is 

required to 
be increased, the condensing 
ijringB, the oonverse of the 
exhausting syringei is em- 
ployed. It ooDsists merely 
of an exhausting syringe^ or 
air-pump^ rieTersed, its valTea 
being so arranged as to force 
aff into a chamber, instead of 
drawing it out For this 
purpose, the valves open 
inward m respect to the interior n€ the cylinder, while hi the exhaostbg 
syringe and air-pump^ they open o«ttward. 

382. That the air m the inside of Fia.J^67. 

vessels is the force vrfuch resists and 

counterbalances the great pressure 

of the external atmosphere, may be 

proved by the following experiment : 
A strong glass vessel, Fig. 167, is provided, open 
both at top and bottom, and havmg a diameter of 
four or five inches. Upon one end is tied a bladder, 
so as to be completely air-tight, while the other end is l^Q. 16& 
placed upon the plate of an air-pump. Upon exhaust- 
ing the air from beneath the bladder, it will be forced 
inward by the pressure of the air outside^ and when the 
exhaustion has been carried to such an extent that the 
stretch of the bladder is less than this pressure, it will 

burst with a loud report -, ^. 

What if the ^^* ^® air-pump was invented, m 
•zperiment of the year 1654, by Otto Guericke, a Qer- 
SiJjiJhSSff man, and at a great public exhibition of 

its powers, made in the presence of the 
emperor of Qermany, the celebrated experiment known 
as the " Magdeburg Hemispheres," was first shown. The 
Magdeburg Hemispheres, so called fix>m the dty where 
Gueridce resided, consist of two hollow hemispherss of 

8* 
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hnea, Fig. 168, which fit together air-tight Bj ezhMUtiiig the air in their 
interior, by means of the air-pompi and a stop-oock arrangement affixed to 
one of the hemispherefl, it will be (bond that they can not be polled apart 
without the exertion of a yerj great foree^ anoe they will be preeaed to- 
gether with a force of 1( poonda for eyery equare inch of their sorface. 
In the exhibition abore referred to^ given of these hendspheres by Gneric^e^ 
the torlSMea of a pair conalrvcled by him were so large, that thirty horses, 
fifteen upon a side, were unable to pull them tapart By admitting the air 
again to their interior, the Magdeburg hemispheres M apart by their own 
weight 

Another mtereatfaig example of atmoepheiic pressure ii^ 
to fill a wine-glass, or tumbler with water to the brim, 
and, haying placed a card oyer the mouth, to invert it 
cautioasly. If the card be kept hi a horiaontal portion, 
the water will be supported m the giaes by the pressure 
of the air against the ur&oeofthe card. (Bee lig. 169.) 
384. In a like manner, if we take a 
Jar, and having filled it with water, hi- 
vert it in a reservoir or trough, as is rep- 
resented m Fig. 170^ it will continue to be 

completely filled with water, the li- 
quid being sustamed in it by the pres- 
8ure of the atmosphere upon the water 
in the vessel ^ich an arrangement 
enables the chemist to collect and pre- 
serve the various gases without admix- 
ture with air; for if a pipe or tube 
through whidi a gas is passing be 
depressed beneath the mouth of tba 
jar, so that the bubbles may riie mto 
it, they will displace the water, and ba 
collected in the upper part of the jar, 
free of all admixture. 

The gasometers, or large cylindrical 
vessels in wfaidi gas is collected in 
gas-works for general distribution, are 
constructed on this principle. They 
consist, as is shown in Fig. 171, of a 
Isrge cyKndricsl reservdr suspended with its mouth downward, and plunged 
In a dstem of water of somewhat greater diameter. A pipe which leads 
from the gas-works is csrried through the water, and tuned upward, so as to 
enter thl» mouth of the gasometer. The gas, flowing through the pipe, rises 
into the gasometer, fiffing the upper part of it, and pressing down the water. 
Another pipe, descending firom the gasometer throuj^ the water, k continued 
to the service pipes, which supply the gas. The gasometer is balanced by 
counter weights supported l^ chains^ which pass over pulleys^ and just sndi 
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* preponderance is allowet* to it as is saffident to give the gas contained in 
it the oompresskm neoeasarjr to drive it throogfa the pipes to the remotest part 
0f the district to he illamhiated. 

Pio. nL 
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386. A liquid will not flow continuously from a tight cask 
after it has been tapped or pierced, unless another opening 
is made as a rent-hole, in the upper part of the cask. The 
caric being air-tight, with the exception of a single opening 
the sur&ce of the liquid in the vessel will be excluded flt>m 
the f^mospheric pressure, and it can onlj flow out in virtue of its own 
wei^t But if the weight of the liquid be less than the force of the air press- 
ing upon the mouth of the openhig, the liquid can not flow from the cask; the 
moment, however, tiiat the air is enabled to act through the vent-hole in the 
upper part of the cask, the pressure below is counterbalanced, and the liquid 
descends and runs freely through the opening by its own weight,. 

If the lid of a tea-pot or kettle be air-tight, the liquid will not flow freely 
fttjm the spout, on account of the atmospheric pressure. This is remedied by 
makmg a small hole m the lid, which allows the air to enter from without 
The Pneumatic Ink-stand, de» 
signed to prevent the ink from 
thidcening, by the exposure of a 
small sur&oe only to the air, is 
constructed upon the prindplee 
of atmospheric pressure. It connsts of a dose 

glass vessel, represented hi Fig. 172, from the IH^H^H? ' "^ 

bottom of whidi a short tube prooeeeds, the ^^B^R ' .^ 

depth of winch is suffident for the immeraon 
of the pen. By fillmg the hik-stand m an incUned positioD, m exdode tba 
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air in great part from the mterior, and on replacing it in an uprigfai poartion, 
the ink will be prerented from rising in the smaU tube and flowing 0TQr» on 
acooant <^ the atmoapheric preaaure upon the exposed aur&oe (^ the ink in 
the small tabe, which is much greater than the pressure of the column of 
Bquid in the interior of the Tessel As the ink in the small tube ia consumed 
bj use, its suifitce will graduallj fiJl; a small bubble of air will enter and 
rise to the top of Ihe botUe, where it will exert an elastio pressure, whidi 
causes the surfiiee of the mk in the short tube to rise a little higher, and this 
effect will be repeated until an the ink in the bottle haa heea used. 

386. The peculiar gurgling noise produced when liquid is 

^_^_ freely poured from a bottle, is produced by the pressure of the 

vhen a liqoid atmosphcTO forcing air into the interior of the bottle. In the 
tySStrtfifr*" flrat mstance^ the neck erf" the bottle is filled with liquid, so as 

to stop the admission of air. When a part har flowed out^ 
and an empty spaoe is formed within the bottle, the atmospheric pressure 
forces m a bubble of air through the liquid in the neck, which by rushing 
suddenly into the mteiior of the bottle, produces ttie sound. The bottle will 
continue to gur^e so long as the neck continues to be choked with Uquid. 
But as the contents of the bottle are discharged, the liquid, in flowing out^ 
only partially fills the neck ; and, while a stream passes out through the lower 
half of the neck, a stream of idr passes in through the upper part. The flow 
being now continued and uninterrupted, no sound takes place. 

387. Water, and most liquids exposed to the air, absorb a 
^inVater?** greater or less quantity of it, which is maintained in them by 

the pressure of the atmosphere acting on their sur&ce& 
Boiled water is flat and insipid, because the agency of heat expels tiie air 
which the water proyiously contidned. Fishes and other marine animals 
^iKild not live in water deprived of air. 

^ ^ The presence of air in water may be shown by placing « 

pieaenoeofair tumbler containing this liquid under the receiver of an a^ 
■^oweTt^ ^ pump, and exhausting the air. The pressure of the air being 
removed from the sorfooe of the water, minute bubbles will 
sciafce their appearance in the whole mass of the water, and rising to the sur- 
face, escape. 

_. . The reason that certain bottled liquors tcoih and spailde 

W ny do soinc 

Dottted liquids when unoorked and poured into an open vessel is, that when 
froth and spur- ^jj^y ^^ bottled, the air confined under the cork is condensed, 
And exerts upon the surface a pressure greater than that of 
the atmosphere^ This has the effect of holding, in combinatk>n with the 
Jiquor, air or gib^ which, under the atmospheric pressure only, would escape. 
If any air or gas rise tcoia the liquor after being bottled, it causes a still greater 
condensation, and an increased pressure above its sur&ce., When the cork 
is drawn fix)m a bottle containing liquor of this kind, the air fixed in the 
liquid, being released firom the pressure (^the air which was condensed under 
the cork, instantly makes its OBoape^ and rising in bubbles^ produces effisrve** 
cence and froth. 
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It aooietiiiMS happeoi that the united foroe <tf the air and gases thus con* 
lined in the bottle, becomes greater than the eohesiye strength of the parti- 
des of matter oomposingthe bottle; the sides of the botUe in such cases give 
waj or burst 

Thoae Uquors only fix>tfa which are Tiscid, |^tinoos» or thick, like ale, por- 
ter, eta, becaose the^ retain the little bubbles of air as tfaej riie; while a thin 
liquor, like champagne^ which soflbn the bubbles to escape readUy, sparkler 
Hoir is tiie' ^^^* ^^^ pressure of the atmoq>here is connected with the 
prawaraof tiM action of breathing. The air enters the lungs, not because 
w!!l^^?ldth ^^ ^^^ it in, but bj the weight of the atmosphere forcing 
the aet of it into the emp^ spaces formed by the expansion of the air- 
bretttUngr ^jj^ ^^ ^^ lungs. The air in turn escapes from the lungs by 

means of its efaMticity ; the lungs, by muscular action, co mp r e ss the air con* 
tained in them, and give to it by compression a greater elasticity than the air 
wiAout By this excess of elasticity it is propelled, and escapes by the 
mouth and nose. 

389. It has been proposed to take adyantage of the pressure 
^^Jf ^ of the atmoephere for the oonstruction of an atmospheric tele- 
•traetumof the graph, or i^paratus for conveying the mails and other matter 
tSe^epht ^^^ S'^^ distances with great rajudity. The plan proposed 

is as follows ; — a long metal tube is laid down, the interior 
smfiice of whidi is perfectly smooth and even. A piston is fitted to the tube 
in such a manner as to move freely in it and yet be air-tight To one side 
of this piston the matter to be moved, made up In the form of a cylindrical 
bundle^ is attached. A partial vacuum is then made in the tube before the 
piston, by means of large air-pumps^ worked by steam-power, located at the 
further end of the tube, when the pressure of the atmosphere on the other 
side of the piston impels it forward through the whole length of the exhausted 
tube. It has been estimated that a piston, drawing after it a considerable 
weight of matter, oould in this way be forced through a tube at the rate of 
600 miles per hoar. 

390. The pressure of the atmosphere is taken advantage of in the con- 
struction of a greet variety of machines for raising water ; the most important 
and fiimiliar of which is the common, or suction pump. 

D,,.,;,!!^ ihe '^^^ commoD, or suction pump, consists 
^^'''JJJ^ of a hollow cylinder, or barrel, open at both 
»°™i>- ends, in which is worked a movable piston, 

which fits the bore of the cylinder exactly, and is air-tight 
The pump is further provided with two valves, one of 
which is placed in the piston, and moves with it, while 
the other is fixed in the lower part of the pump-barrel. 
These valves are termed boxes. 

Fig. 173 represents the oonstruction of the common pump. The body con* 
sists of a cylinder, or barrel, 5^ tiie lower part of which, called the suction- 
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pipe, desoends into the witer whidi it is designed to Tig. 173. 

nisei In the barrel works a piston containing a yalre, 

j>, opening upward. A similar valye, g, is fixed in the 

body of the pnmpi at the top of the suction-pipe. S is 

a spoat from whidi the water raised by the working of 

the piston is discharged. 

The operation of the pnmp in raising water is ss fbl- 
lowa ;— when the piston is raised from the bottom of the 
cylinder, the air above it is drawn up, leaving a vacuum 
bebw the piston ; the water in the well then rushes up 
through the valve g, and fills the cylinder ; the piston is 
then fbrced down, shuttmg the valve, ^, and causing the 
water to rise through the piston-valve, p ; the piston is 
then raised, doehig its valve, and raising the water 
above it) wfakih flows out of the qxmt, S. 

,^^ ^^ 891. Water rises in a pamp 

waterriMiaa simplv and entirely by the 
pressure of the atmosphere 
(15 pounds on every square inch), which 
pushes it up into the void, or vacuum left by the up« 
drawn piston. 

TowhatMght 892. The common, or suction pump, can 
tathlt!^^ not raise water beyond the point of height at 
pump? which the column of water in the pump tube 

is exactly balanced by the weight of the atmosphere. The 
utmost limit of this does not exceed 84 feet. . 

The height to which water is thus forced up m a pump is simply a question 
of balance ; 15 pounds* pressure of the atmosphere can support only 15 pounds' 
weight of water ; and a column <^ water, one inch square and 34 feet high, 
will weigh 15 pounds. As the pressure of the atmosphere is subject to va- 
riations, and as the mechanism of the pump is never absolutd^ perfect, the 
length of the pipe through which water is to be elevated ought never to 
exceed m practice 30 feet above the kvel of the water in the well, or reser* 
voir. 

What k a 393. A valve, in general, is a contrivance by 
vaiTef which water or other fluid, flowing through a 
tube or aperture, is allowed free passage in one direction^ 
but is stopped in the other. Its structure is such, that, 
while the pressure of fluid on one side has a tendency to 
close it, the pressure on the other side has a tendency to 
open it. 



PNSUIIATIOS. 



183 



Figs. IH 2*^6, and 1T6, reprMont tiie Tmriooa fixma of ▼■!▼«• uaed in 
pampfl, water-engines, etc. 

Pra. 171. Ra. 176. Fio. 176. 





394. When it is desired to raise water to a greater height than 34 feet, » 
modification of the pomp, called the Ibrcing-pamp, is employed. 

^^Hiat is a The Forcing-Pump is an apparatufl which 
Fordng-pnmp? raises watcr from a reserroir, on the principle of 
the suction-pump, and then, hj the pressure of the piston 
on the water, elevates it to any required height. 

Fig. 177 represents tbe principle of the oonstmction 
of the forcing-pump. There is no yalve in the pis- 
ton c (Fig. 17 7X but the water raised through the suc- 
tion-pipe a, and the yalve g^ bj the elevation of the 
IHstoD, is forced hj each depression of the piston up 
through the pipee e, which is fiimished with a yalve to 
prevent the return of the liquid. 

The forcing-pump, as constructed in Fig. 177, ejects 
the water onljr at each stroke of the piston, in the 
manner of a syringe. When it is desired to make the 
flow of the water continuous 
as in a fire-engine^ an air, 
diamber is added to the 
foroe-pump, as is represented 
at A, Fig. 178. The water 
tiien, instead of immediately 
passittg off through the discharging-pipe^ partially 
fills the air vessel, and by the action of the piston 
hi the pump, compresses the air contained in it 
The elasticity of the air, thus compressed, being in- 
creased, it reacts upon the water, and forces its ascent 
in the discharge, or force-pipe. When the air in the 
chamber is condensed into half its original bulk, it 
win act upon the surface of the water with double 
the atmospheric pressure^ while the water in the 
force-pipe, being subject to only one atmospheric 
pressure, there will be an unrestricted f<xroe, press- 
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ing the water xx^ equal to one'atmoBpheio: ocxiflequently, a odanm of wstor 
will be sustained, or projectod to a hei£^t of 34 feet When the air n ooa- 
denaed into one third of its bulk, its elastic fisroe will be increased three- 
fold, and it will then not onlj countorbalanoe the ordinary atmospheiic 
pressure, but will force the water upward with a pressure equal to two at- 
mospheres, or 64 feet, and so on. The ardmary fire-engine is simply a conve- 
nlent arrangement of two forcing-pumps^ furnished with a strong air-chamber, 
and which are worked successiydy by the eleyatioii and depressbn of two 
long le YSfB called brakes, * ^*ii" ^ ^ . 

whAt !• a 395* The Syphon is an apparatus hj which 
sypiwnt ^ liquid can be transferred from one vessel to 
another without inverting, or otherwise disturbing the 
position of the vessel from which the liquid is to be re- 
moved. 

In its sunpl0stfi)nn, the syphon consists of a bent 
tube, ABO, Fig. 179, having one of its branches 
longer than the other. If we immerse the short arm 
in a vessel of water, and by applying the mouth to 
the long arm, as at G, exhaust the air hi the tnbe^ 
the water will be pressed over by atmospheric pres- 
sure, and continue to flow so long as the end of the 
lower arm is below the level of the water m the vessel 
X . The action of the Byphon is readily 

^ndpltt doM explained: the column of fiquid in 
thenyphonact? ^^ ^^^^^ ^^^^ ^^ ^^aX reaching in 

the shorter arm from the top of the curve or bend to the sui&oe of the fiquid 
in the vessel, have both a tendency to obey the attraction of gravity and &U 
out of the tube. This tendency is opposed, however, on both sides, by 
atmospheric pressure, acting on one side at the opening C, and upon the 
other upon the sui&ce of the liquid in the vessel, thus preventing, in the 
interior of the tube, the formation of a vacuum, which would take place at 
the curve, if the two columns ran down on both sides. But the column 
on one side being kmger than upon the other, the weight of the long 
column overbalances the short one, and determmes the direction of tiie 
flow; and m proportion as the liquid escapes from tiie long arm, a ftesh 
portion is forced into tiie short arm on the other side by the pressure of 
the air. The syphon is, therefore, kept full by the pressure of the atmos- 
phere, and kept running by the irregularity of the lengths of the cohiiBns in 
its branches. 

A suction-tube is sometimes attached to the syphon to make it more use- 
ful and efficient, as is represented in Fig. 180. By this means we may fill 
the whole syphon without the liquid entering the mouth, by sucking at 
the end of the suotion-tube^ and temporarily dosii^ the end of the longer 
ann. 

In order that the discdiaige of a liquid by means of the ayphon should be 
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perfecdy oonBtaiit, it is neo- ¥iQ. 180. 
eaaairy that the difference /^^^ 
of lengths of the columns of ' f \ 
liquid in both branches 
should be immoyabla 
This maj be effected by 
connecting 4ie STphon with 
a float and pallej, as is 
represented in Fig. 181. 

The cori- 

ons pheno- 
ofintennittiiig. menon of 
nnQga. 

intermitting 

springs maj be explained 
upon the principle of the 
syphon. These springs nm 
lor a time and then stop 
altogether, and lifter a time 
run again, and then stop. \ 
If we suppose a reservdr 
in the interior of a hill or 
momitain, with a syphon- 
like channel running from it, aa 
in Fig, 182, then as soon as the 
water collecting in the lesenroir 
rises to the height shown by the 
dotted tine, the stream will be- 
gin to flow, and eontinue flow- 
ing till the reservoir is nearly 
emptied. Again, after an u> 
terral long enough to fill the 
reservoir to the required height> 
it will again flow, and so on. 

If 
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When wffl ft "*'"• -^^ * solid substance have the same 
£Sind!S°*ta density as atmospheric air, it will, when im- 
tbe air? inersed in air, lose its entire weight, and will 

remain suspended in it in any position in which it may 
he placed. 

397. If a solid body, bulk for bulk, be lighter 
than atmospheric air, it is pressed upward by 
the surrounding particles of air, and rises, upon 
the same principle as a cork rises from the bottom of a 
vessel of water. (See § 85.) 



When wm « 
body- rise in 
the air? 
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As fhe density of the air oontinuaHy diminiahes at we 
wUuI5r«tjS- •««^'l ^^ ^^ wurfece of the earth, it is evident that aech 
Ing body n- a body, a« it goes up, will finally attain a height where the air 
jMin statlMi. ^^ jj^^g ^^ gj^jjg density aa itaelf; and at such a point the 
body will remain statioaary. Upon this principle doods^ at 
different tmia% float at diflbrent degrees of elevation. 

It is also vpon tfasee principles that aerostation, or the art of nayigating the 
«r, depends. 

Wh»tai*Bai- 898. Balloons are machines which ascend 
loons? through the atmosphere, and float at a certain 
height, in virtue of being filled with a gas or air lighter 
than the same bulk of atmospheric air. 

Balloons are of two kinds. Montgolfier, 
two TarieiiM or rarefied air balloons, and Hydrogbn gas 
balloons. The first are filled with common 
air rarefied bj heat, and thus made lighter than the 
surrounding atmosphere ; while the second are filled 
with hydrogen, a gas about fourteen times lighter than 
air. . 

DMcriba i]i« ^® rarefied air-haJloon was mvented hy Kontgolfler, a 
Montgoiier^or French gentleman, in 1782, who first filled a paper bag with 
imfiedairiwi. heatedair, and allowed it to pass up a chimney. He aftop- 
ward constructed balloons of silk, of a spherical shape, with 
an aperture formed in the lower surfieu^e. Beneatii this opening a light wire 
basket was suspended, containing burning material The hot air arising from 
the burning substances, enters the aperture, and rendering the balloon qwdflc- 
ally lighter than the air, causes it to ascend with oonsidenible yekxaAj. 
Small balloons of a similar character are firequently made at the present day 
of paper, the air withm them bemg rarefied by means of a sponge soaked in 
alcohol, suspended by a wire beneath the mouth, and ignited. 
DeMriiM tiu ^^® hydrogen gas bafloon consists of a light miken bag, 
hydrog«B gM filled either with hydrogen, or common illuminating gas. The 
balloon. diflferenoe between the specific weight of either of these gases 

and conuaon air is so great, that a large baUoon filled with them possesses 
ascensional power suflicient to rise to great heights, carrying with it consid- 
erable additional weight The aeronaut can descend by allowing the gas to 
escape by means of a valre, thereby diminishmg the bulk of the balloon. To 
enable him to rise again, ballast is provided, generally consisting of bags of 
sand, by throwhig out which, the balloon is lightened, and aooordingly 
rises. 

By means of one of these i^^achines Gay Lussac, au eminent French chem- 
ist, ascended in 1804, for the purpose of making meteorological observation^ 
tp Uie great height of 23,000 feet 
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Doiheuwfrf 399i Air obqrs the laws of motion which 
mo^ »ppi7 ^^ common to all other material and ponder- 
able subetances. 
HowistiMmo. ^0- ^^^ momentum of air, or the amount 
22S5S^' ■** of force which it is capable of exerting upon 
bodies opposed to it, is estimated in the same 
way as in the case of solids^ viz., by multiplying its weight 
by its velocity. 

Whatanffins. '^'^ momentmn of air is uaefuUy employed as a mechaaioal 
tntlona of tha agent in imparting motion to wind-miUB and to ihips. Its 
2^5****"" ^ most striking effects are seen in the force of wind, which oc- 
casionally, in hurricanes and tornadoes, acta with fearftil 
power, prostrating trees and buildings. Such results are caused by the mo- 
mentum of the air being greater than the force by which a building^ or a tree 
is &stened to the earth. 

,^ 401. Any fierce acting suddenly upon the air ftom a center, 

the rtncs of imparts to it a rotary moyement A rery beautiful illustra* 
S^^kTi^UnK ^^^ of this is seen in the rings of smoke which are produced 
and Si the dis. by the mouth of a skilftd tobacco-smoker, and frequently also 
^rge of can- ^^^ ^ ^^^ laig&r scale by the discharge of cannon, on a 

still day. In these cases a portion 
of air acted upon suddenly from a center is caused ^^' ^^^* 

to rotate, and the particles of smoke render the mo- >rT^^T5iyilC^l2?St 
tion risible. Hie whole circumferpnoe of each K^'^ ^^^W 

circie is in a state of rapid rotation, as is shown by ^^^^iS^TSti^ 
the arrows m Fig. 183. The rapid rotation m ^^ 

short, confines the smoke within the narrow limits of a circle, and causes the 
riz^ to be well defined. 

PBACTICAL PROBLKMS IN PNEUMATICS. 

1. If 100 eaUc Inches of air wdgh 81 gratna, what will he the weight of one enhlc foot t ; 

2. If the prewure of the atmoephere he 15 ponnda npon a aqnare ineh, what prearare 
will the hody of an animal Miatain, whooe superficial aorfaee ia forty eqaare feet ? 

3. When the eleratlon of the raerenry in the harometer ia tt inobea, what will h^ the / 
height of a eoinmn of water Bspported hy the preesure of the atmo<9here f •? 

Sdution: Column of merenry lapported hj the atmoephere -• S8 ineheSi Mereurf 
being 13^ times heaTler than water, the eolumn of water supported hj the atmosphere *» 
lSix28=:Sl feet 

4. When the deration of the merenry in the harometer is 80 inches, what wiU be the 
lldghtof a eolumn of water supported by the atmosphere? S? ^ 

6. To what height may water he raised hy a common pump, at a pUee where the ha- 
rometer stands at -24 inches ? ^ *-} 

6. If a cnMe inch of air weighs .80 of a grain, what weight of air wiU a Tessel whose 
eapsdtj is 00 cnble inches, contain f 



CHAPTER II. 

A0OUSTIG& 

•What Is fh« ^^* AcorsTiOB IB that departm^it of phys- 
Kienoe of ical Bcieoce which treats of the nature^ P^^ 

nomena, and laws of sound. It also includes 
the theory of musical concord or harmony. 
«v .. - ^. ^3. Sound is the sensation produced on the 

organs ot neanng, when any sudden shock or 
impulse^ causing vibrations, is given to the air, or any 
other body, which is in contact, directly or indirectly, with 
the ear. 

undtrwbatdr. 404. When an elastic body is disturbed at 
X![to??moJj. any point, its particles execute a series of vi- 
mentatfiMf bratory movements, and gradually return to a 
position of rest. 

Thus when a glass tumbler is strack hy a hard body, a tremulous agitation 
is transmitted to its entire mass, which morement graduallj diminishes in 
force until it finaUy ceases. Such movements in matter are termed vibra- 
tions, and when communicated to the ear produce a sensation of sound. 

The nature of these vibratory movements may be illustrated by noticing 
the visible motions which occur on striking or twitching a tightly extended 
cord, or wire. Suppose such a cord, repre* ^^ jg^ 

sented by the central line in Fig. 184 to be 
forcibly drawn out to A, and let go; it 
would immediately recover its original posi- 
tion by virtue of its elasticity ; but when it 
leached the central pointy it would have ac- 
quired so much momentum as would cause 
it to pass onward to «; thence it would vi- 
brate back in the same manner to B, and back again to 6, the extent of its 
vibration being gradually diminished by the resistanoe of the air, so that it 
would at length return to a state of rest 

Deteribe the 111 vibratory movements of this kind all tiie separate par- 
S«»Mw**^b*** *^^^' *^™® ^^^ motion at the same time, simultaneously pass 
tion, the point <^ equilibrium, or rest, simultaneously readi tha 

maximum of their vibration, and simultaneously begin their retrograde mo- 
tkm. Such vibrations are therefore called stationary, or fixed vibrationa 
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tiona is lolid 
bodies be ren- 
dexedTiaibUr 



P . 13m ^ however, the motioDfl of the Tibrating bodj are of oach a 
nature of a character that the agitation proceeds from one panicle to an- 
E^eii!^^^ ^' ^^^^* ^ ^^^ ^^^ makes the same vibration, or oscillation, 
as the preceding one, with the sole exception of the motion 
beginning later, we have what is called progressive vibrations. Thus if we 
fasten a cord at one end, and move the other end up and down, a wave^ or 
progressive vibration, is produced. 

As the clearest conception can be formed of vibrations by comparing them 
to the waves produced by throwing a stone into smooth water, the term iix>* 
dolatory, or wave movement, has been adopted in genersl to express the 
phenomena (rf* vibrations. 

405. DaOy experience teadies us that almost every motion of bodies in oar 
vieinity is aooompanied by « noise perceptible to our ears. All such sounds 
are the result of tiie vibrations of a portion of matter, and the nature <^ the tone^ 
or sound, depends only on the manner in which these vibrations originate. 

406. Sound- vibrations in soUd bodies may be rendered vis- 
ible by many simple contrivances. If we attach a ball by 
means of a string to a bell, and strike the bell, the ball will 
vibrate so long as the bell continues to sound. When a bell 
is sounding, also, the tremulous motion of its particles may be 
perceived by gently touching it with the finger. If the finger is pressed 
firmly against the bell, the sound is stopped, because the vibrations are in- 
terrupted. When sounds are produced by drawing the wet finger around the 
edge of a glass containing water, waves will be seen undulating from the sides 
toward the center of the glass. 

When a tuning^fi>rk is struck and made to sound, its vibrations I^e* 18B. 
are clearly visible, both branches alternately approaching and re- 
receding from each other, as is represented in Fig. 186. 

If we strike a tuning-fork, and then touch the surface of mercury 
with one of its extremities, the sur&ce of the mercury will exhibit 
little undulations or waves. 

H<nr are the "^^ °*^* interesting method of exhibiting the 
MMaOied aeons- character of sound is by means of the so-called 
dSeSl?'^" P"*- "acoustic figures," which may be produced m the 
following manner: — Sprinkle some fine sand over a 
square or round piece of thin glass or metal, and holding the plate 
firmly by means of a pair of pincers, draw a violin bow down the edge; the 
sand is put in motion, and finally arranges itself along those parts of the surfiice 

which have the least vi> 
FiO. 186. bratory motion. Bychang- 



I ing tbe point by which 

the plate is held, or by 

! varying the parts to which 

I the violin bow is applied, 

the sand may be made to 

MRime varioos interesting figures, as is represented in Fig. 186. 
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What b tb« ^^* Air 18 the usual medium through which 
gj«*j»edium sound is conveyed to the ear. The Tibrating 
■o^diB^^offt. body imparts to the air in contact with it an 
^ undulatory, or wave-like movement, which, 

propagating itself in every direction, reaches the ear, and 
produces the sensation of sound. 

What an loii. ^08. Vibrating bodies which are capable of 
•rowbodiatr ^jj^ imparting undulations to the air, are 
termed sounding, or sonorous bodies. 

The aerial yibratioiia, or undulations thus oauaed, propagate tiiemaakrea 
from tiie center of disturbance in concentric cirdee, in the same way that 
waves spread out upon the smooth surface of water. If such w»Tes of mJbst, 
propagated from a center, encounter any obatruction, as ft floating body, they 
will bend their course round the sides of the obstacle, and spread out obliquely 
beyond it So the ondulatiaos of air, if interrupted in their progress by a 
high wall or other similar impediment^ will be continued ofer its summit and 
prc^agated on the oi^Msite aide of it 

In a soond'waTe or undulation of the air, as in a wave of water, there is 
no permanent change of place among the particles, but simply an agitation, 
or tremor, communicating from one particle to another, so that each partide^ 
like a pendulum which has been made to oscillate, recovers at length its 
original position. 

This motimi may be best illustrated by comparing it to the motion pro- 
duced by the wind in a field of grain. The grassy waves travel visibly over 
the field in the direction in which the wind blows; but this appearance of 
an object moving is only delusive. The only real motion Is that of the heads 
of the grain, each of which goes and returns as the stalk stoops or recovers 
itseU: This motion afibcts successively a ttne of ears in the direction of the 
•wind, and affects simultaneously all the ears of which the elevation or de- 
presnon forms one visible wave. The elevations snd depressioiis ne propa- 
gated in a oonstsnt direction, while the parts with whidi tiie space is filled 
only vibrate to and fro. Of exactly such anature is the propagation of sound 
thiou^air. 

Under vbat ^^- ^^ ^^ substauce intervenes between the 
SSi3M?ru ''^il^w^^i^g ^>ody and the organs of hearing^ no 
Xmuii **** sensation of sound can be produced. 

This 18 readily proved by placing a bell, rung by the action 
of dodc-woric, beneath the receiver of an air-pump, and exhausting the air. 
No sound will then be heard, although the striking of the tongue upon the 
bell, and the vibration of the beU itself are visibla Now, if a Kttie air be 
admitted into the receiver, a fidnt sound will begin to be heard, and this 
sound will become gradually louder in proportion as the air is gradually read* 
mitted, until the air within ths rsedvsr li hi the same ooDditiaii as that without 
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Bound, therefore^ cannot be propa^iatod throogh n Ticanm. 

**The loudest sound on earth, therefore, cannot penetrate bejond the 
limits of our atmosphere; and in the same manner, not the fiuntest sound 
can reach our earth from anj of the other planets. Thus the most fearAil 
explosions might take place in the moon, without our hearing anything of 
them." 

Bow doM ttM 410* ^6 power of air to transmit Bound 
£SId**to*"tte varies with its uniformity^ its density, and its 
'^y' humidity. 

Whateyer tends to agitate or disturb the condition of the atmosphere, affects 
the transmissbn of sounds. When a strong wind blows from the hearer to- 
ward a sounding bodj, a sound often ceases to be heard which would be 
audible in a calm. FaUing min, or snow, faiterliM«i with Hie undulations of 
sound- wares^ aad obstructs the transmission of sound. 

The fiiot that we hear sounds with greater distinctness bj 
h^ MimS ^^^ ^^''■^ ^ ^7> ™*7 ^ in part, accounted for bj the dr- 
mora tkaaeOr oumstsooe, that the diilbient layers or strata of the atmosphere 
^ S^^ ^^**^ are less haUe to Tariataons hi density and to currents^ caused 
by changes of temperature^ at night than by day. The air at 
night is ako more still, from the suspension of busmess and hum of men. 
Hany sounds become perceptible during the nighty whidi during the day are 
completely stifled, before they readi the ear, by the din and discordant noises 
of labor, business, and pleasure. 

Sound of any kind is transmitted to a greater distance in cold and dear 
weather than in warm weather, the density of air being hisreased by cold 
aad diminshed by heat 

On the top of hi^ mountains, where the air is greatly rsre- 
itt^tiong of ^ ^® sound of the human Toice can be heard for a short 
th« vmriMloa distance only; a|id on the top of Mont Blanc^ the explosion 
o^^Mvnd la ^ ^ ^iaboi appears no louder than that of a small cracker. 
When persons descend to any considerable depth in a diving«« 
beU, the air around them is compressed by the weight of a considerable column 
of water above them. In such circumstances, a whisper is almost as loud as a 
shout in the open air; and when one speaka with ordmaiy force it produces 
an effect so loud as to be painful 

li sir BMei. 411* Air is not necessary to the productioD 
^Q^ ^ of sound, although most sounds are transmitted 
Mundr jjy j^g vibrations. Bound can be produced un- 

der water, and all bodies are more or less fitted^ not only 
to produce^ but also to transmit sounds. 
whatraiMtea. 412. Souud is communicated more rapidly 
Ste""^S and more distinctly through solid bodies than 
sMMirwtfyf through either licjuids or gases. It is trans- 
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mitted by water near four times more rapidly than by air, 
and by solids about twice as rapidly as by water. 

If we strike two stones together ipider water, the sound will be as loud as 
If thej had been struck in the air. 

When a stick is held between the teeth at one extremify, and the otiier is 
phioed in contact with a table, the scratch of a pin on the table majr be heard 
with great distinctness, though both ears be stopped. 

The earth often conducts sound, so as to render it sensible to the ear, whoa 
the air fiuls to do so. It is well known that the approach of a troop of hone 
can be heard at a distance hj putting the ^ear to the ground, and savages 
praotkie this method of ascertaining the approach of penons from a great dis- 
tance. 

The principle tiiat solids tnmsmit sounds more perftctlj than air, has been 
ajlplied to the oonstructkm of an instrument called the ** stethosoopa" 
D riba thA '^^ stethodoope consists of a hoUow cjUoder of wood, som^ 
SteUMMope. what resembling in form a small trumpet The wide mouth 
is applied flrmlj to the breast, and the other is held to the ear 
of the medkal examiner, who is thus enabled to hear distinctly the action of 
the organs of respiration, and judge whether they are in a healthy condition, 
or the reverse. 

Hoirisihein. ^-^3. Sound docreases in intensity from the 
iSStetbTS? center where it originates, according to the 
*•■**' same law by which the attraction of gravita- 

tion varieSy viz., inversely as the square of the distance. 
That is to say, at double the distance it is only one fourth 
part as strong ; at three times the distance, one ninth, and 
so on. 

This law applies with its full force only when no opposing currents of air, 
or other obstacles, interfere with the wave movements, or undulations. By 
confining the sound undulations in tubes, which prevent their spreading, the 
force of sound diminishes much less rapidly. It will, therefore, under such 
circumstances, extend to much greater distances. This principle is taken ad* 
vantage of in the construction of speaking-trumpets. 

Sounds can generally be heard, especially on a calm day, at 
hMurd^orTdUk ^ greater distance upon water than upon land. The plane 
tiaoUj upon surface of water, as a smooth wall, prevents the lateral spread- 
|ItLi » ^ mg and dispersion of the sound-waves, although on only one 

side. The air over water, owing to the presence of moist- 
ure, is also generally more dense, and the density more uniform than 
over the land. Water, in addition, is a better conductor of sound than 
the earth. 

The transmis^on of sound (torn one apartment to another may be prevented 
by filling up the spaces between the partition walls with shavings, or any 
porous substancesL The number of media through which ihe sound must 
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pass is thus greatlj increased, and eyery change of medium diminishes the 
strength of sound- waves. 

wiuituwgoT- ^^^ '^^^ velocity of the sound undulations 
ita?if***^dT" ^® uniform, passing over equal intervals in 
equal times. 
The softest whisper, therefore, flies as &st as the loudest thunder. 

with what TO- ^T^5. Sounds of every kind travel, when tho 
!l^te?^r temperature is at 62"^ Fahrenheit's thermom- 
eter, at a rate of 1,120 feet per second, or 
about 18 miles per minute, or 765 miles per hour. The 
Telocity of sound increases or diminishes at the rate of 13 
inches for every variation of a degree in temperature above 
or below the temperature of 62** Fahrenheit. 

Whydowesee "When a gun is fired at some distance, we see the flash a 

the flash of a considerable time before we hear the report, for the reason 

i^the^ortr that light travels much foster than soimd. Light would go 

round the earth 480 times while sound was traveling 13 milesL 

A knowledge of these circumstances is taken advantage of for the measure- 
ment of distances. 

Hoir may a Thus, suppose a flash of ligfatnhig to be peroeived, and c»i 
^e^'Tei.^^ counting the seconds that elapse beforo the thunder is heard, 
■oand be ap- we find them to amount to 20; then as sound moves 1,120 
m«tfiireme^ ^^^ ^ ^ second, it will follow that the thunder-cloud must be 
of distanoesr distant 1,120X20=22,400 feet 

When a long column of soldiers are marching to a measure beaten on tho 
drums which precede them, we maj observe an undulatoiy motion transmit- 
ted from the drummers through the whole column, those in the rear stepping 
a little later than those which precede them. The reason of this is, that each 
rank steps, not when the sound is actually made, but when in its progress 
down the column at the rate of 1,120 feet in a second of time, it reaches their 
ears. Those who are near the music hear it first, while those at the end of 
the column must wait until it has traveled to their ears at the above rate. 
Explain the 416. If two waves of water, advancmg fix)m opposite direo- 

ffefnSSSenJe ^'^^ °*®®* ^ ^^ * ^^^ **^ *^®"" poiaia of elevation 'coiii- 
of Boond. cide, a wave of double the height of the smgle one will be 

filmed at the point of interception ; or if two wave depressions on the sur- 
foce of water meet, a depression of double depth will be produced. I^ how- 
ever, the two waves come into contact in such a manner that an elevation of 
one wave coinddes with the depression of another, both will be destroyed. 
Such a result is termed an interference of waves. In the same manner when 
two series of sound undulations, propagated from different sounding bodies, 
Intersect each other, a like phenomena of interference is produced — ^the two 
undulations destroy each other, and silence is produced. 

9 
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Let a b and e d, Fig. 18T, represent two se* 
lies of sound undulations, advancing in such 
a manner as to cause the elevation of one at e 
to correspond with the depression of the ciQier 
at/; then if both are equal in intensity, thej 
win neutralize each other, and an instant of si- 
lenoe will be produced. This fact maj be T617 
prettOy lUustrated bj holding a common tcmfaig- 
fcrk, after it has been put in vibratioOy over the 
BKnitb of a cylindrical glan vessel, as A, Fig. 188. The air contained within 




Fig. 188. 
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the vessel will assume sonorous vibrations, and a 
tone win be produced. If now a second glass 
cylinder be held in the position B, at right angles 
to A, the musical tone previously heard will cease; 
but if either cylinder be removed, the sound will 
be renewed agam in the other. In this curious 
experiment, the silence arises from the interference 
of the twosounda 
Another example of this phenomena may be 
pradnoed by the tuning-fork alone. If this instrument, after being put into vi- 
bration, be held at a great distance from the ear, and slowly tamed round its 
axis, a positiox^of the two branches will be found at which the sound will 
become inaudible. This position will correspond to the points of interference 
of the two i^ystems of undulations propagated from the two branches, or 
pnmgBofthefixric. 

vponwiiatdoM 417. The loudness of a sound, or its degree 
^^iS^^ <>f intensity, depends on the force with which 
'•°*' the vibrations of a sounding body are made. 






SECTION I. 



MUSIOAL SOUNDS. 



418. All vibrations of sonorous bodies which 
are uniform, regular, and sufficiently rapid, 

produce agreeable, or musical sounds. 

419. What constitutes the particular differ- 
ence between a noise and a musical sound is 
not certainly known. A noise, however, is 

supposed to be occasioned by impulses communicated ir- 
regularly to the ear ; but in a musical sound the vibra- 
tions of the sonorous body, and consequently the undula- 
tions of the air, must be all exactly similar in duration 
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and intensity, and most recur after exactly equal inter- 
vals of time. 

What it meant ^20. If the Bound impulses be repeated at 
^kHSund'f v^^y short intervals, the ear is unable to at- 
tend to them individually, but hears them as 
a continued sound, which is uniform, or has what is called 
It tone or pitch, if the impulses be similar and at equal 
intervals. 

.^^^ 421. The nature of musical soimds, and indeed of all soonds, 

mentniufitrates may be illustrated by the ibllowing experiment: If we take 
m^oO^iwd r * *^^ elastic plate of metal, a few inches in length, firmly 
fixed at one end, and firee at the other, and cause it to 
Tibrate, it will be found to emit a dear, musical sound, having a certain 
tone. 

If the plate be gradually lengthened, it yields tones, or notes, of different 
characters, until finally the vibrations become so slow that the eye can ibllow 
them without difficulty, and all sound oease& 

whMi la tmi ^^^' ^^®° ***® impulses, or vibrations, are few in number 

grayeoraharpf in a g^ven time, the tone is said to be grave ; when they are 
many, the tone is said to be sharp. Musical sounds are spoken 
of as notes, or as high and low. Of two notes, the higher is that which arises 
firom more rapid, and the lower firom slower vibrations. 

Beside this, sounds differ in then* quality. The same musical note, pro- 
duced with the same degree of loudness, and by the same number of vibra- 
tions in tiie flute, the darionet, the pianc^ and the human voice, is in each 
instance peculiar and wholly different. Why this is we are unable to say. 
The French caB this property, by which one sound is distinguished firom an- 
other, the timbre, 

I thora ^^ produce any sound whatever it is necessary that a cer- 

limit to the tain number of vibrations should be made in a certain time, 
brattons reaul- ^ ^^ number produced in a second fells below a certain rate, 
■tte to pii>diioe no sound sensation will be made upon the ear. It is belieyed 
^ that the ear can distinguish a sound caused by fifteen vibra- 

tions hi a second, and can also continue to hear though the number reaches 
4 {,000 per second. Trained and sensitive ears are said to be able to exceed 
these limits. ^ 

When are tiro ^^3. Two musical uotes are said to be in 
to'SSin?^*** unison when the vibrations which cause them 

are performed in equal times. 
What la an 424. Whou oue uoto makos twice the uumber 

of vibrations in a given time that another makes, 
it is said to be its octave. The relation, or interval which 
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exigts between two sounds, is the proportion between 
their respective numbers of vibrations. 
Whiit If a 426. A combination of harmonious sounds 
ihord, etc t jg termed a musical chord; a succession of har- 
monious notes, a melody; and a succession of chords, har- 
mony. 

A melody can be performed, or executed bj a aingle yoice; a baimoiy 
teqmieB two or more Toioes at the same time. 

DeflMMDoord 426. Whcu two toucs, Or notes, sounded to- 
•Dddkeord. gether produce an agreeable eflfect on the ear, 
their combination is called a musical concord ; when the 
effect is disagreeable, it is called a discord. 

Exptain what ^^*'' Sappoae we have a etretched string, as awiie or ft 
ta meant by the piece d catg^ Bttch aa la used for stringed instroments : now 
ffmaiier***^ the number of vibrations which such a coid will make in a 
given time, are mversely as its length ; that is, if the whole 
cord makes a given number of vibrations in one second, as 100, on shortening 
it one half it will make twice as many, or 200, and this will yield a note ex- 
actly an octave higher than the former one. If we reduce its length three- 
fourths, it will make four times as many vibrations as at first, and yield a 
note two octaves higher. 

Suppose the stretched string, or wire, to be 32 inches in length. When 
this is struck it will vibrate a certain number of times in a seoondi and give 
what is called a key-notei Reduce the string one hal( and we have the o(y 
tave of that note. But between the key-note and its octave there is a natu- 
ral gradation by intervals ui the pitch of the tone, which heard in succession 
are harmonious, the octave, as its name implies, bemg the eightii pitch of 
tone, or eighth successive note ascending fiom the key-nota 

These eight notes, or intervals in the pitch of tone between the key-note 
and its octave^ constitute what is called the gamut, or diatonic scale of music^ 
becaose they are the steps by which the tone naturally ascends firom any note 
to the corresponding tone above, produced by vibrations twice as ra^Hd. 
These several notes are distinguished both by letters and names. They are : 
0, D, B, P, G, A, B, 0; 
^ Or--do, re, me, &, sol, Us si, da 

How an the "^®^ ™*^ ®^ ^ distinguished by numbera indicatmg the 
ootM of th« length of the strings and the number of vibrations required 
•eatofndieAtedr ^ produce them. Thus^ the length of the string producing 
the primary, or key-note, being 32 inches, the lengths of the strings to prodaoe 
the tones in the entire scale are— 

32, 30, 21, 24, 21, 20, 18, 16; 
or, supposing that whatever be the number of vibrations per second neoessaiy 
to produce the first note fai the scale, 0^ we agree to represent it by unity, 
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or 1 ; then the xrambers neoenuy to produoe the other aeTen notes of the 
octave will be as follows : 

Name of note 0, D, B, F, G, A, B, G. 

Number of vibrations . 1, |, J, f , f , |, V*» 2. 
However fiir this musical scale may be extended, it will still be found but 
a repetition of similar octaves. The vibrations of a column of air in a pipe 
may be regarded as obeying the same general laws ; notes are naturally higher 
m proportion to the shortness of the pipe& 

The same note produced on any musical instrument is duo 
note in any in- to the same number of vibrations per second. Thus, a note 
dS^^'in ^Sr P"^^06d by a string of a piano vibrating 256 times in a seo- 
Mine manner r ond, is also produced in the flute by a column of air vibrat- 
mg the same number of times in a second, and also in the hu- 
man voice by two chords contained in the upper part of the wind-pipe, also 
vibratmg the same number of times m a second. 

It has been already stated that the number of vibrations of a cord are in- 
versely as its length ; the number also increases as the square root of the 
force which stretehes it Thus an octave is given by the same length of string 
when stretched four times as strongly. 

SECTION II. 

BBFLEOTIOZr OF SOUND. 

whatismMnt ^^" ^^^^^ wavcfl of Boinid Strike against 
jj <je^refl«^ any fixed surface tolerably Brnooth, they are 
reflected, or rebound from that surface, and 
the angle of reflection is equal to the angle of incidence. 

This law governing the reflection of sound is the same as that which gov 
ems the reflection of all elastic bodies, and also^ as will be shown hereafter, 
the imponderable agents, heat and light 

What to an ^^' ^^ EcHO is a repetition of sound caused 
^^•' by the reflection of the sound waves, or undu- 
lations, from a surface fitted for the purpose, as the side 
of a house, a wall, hill, etc. ; the sound, after its first pro- . 
duction, returning to the ear at distinct intervals of time. 
Thus if a body placed at a certain distance from a hearer produces a sound, 
this sound would be heard first by means of the sonorous undulations which 
produced it^ proceeding directly and uninterruptedly from the sonorous body 
to the hearer, and afterward by sonorous undulations which, after striking on 
reflecting sur&ces, return to the ear. These last constitute an echo. 

In order to produce an echo, it is requisite that the roflectmg body should 
be situated «t such a distaooe from the souioe of sound, that the interval be> 
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tween the peroeptaon of the original and reflected sounds may be suffident to 
prevent them from being blended together. 

When the original and reflected sounds are blended together, the effect 
produced is called a resonance, and not an echa 

Thus, the walls of a room of ordinary size do not produce an echo^ because 
the reflecting sur&ce is so near the source of sound that the echo is blended 
with the original sound ; and the two produce but one impression on the ear. 

Large halls, spacious churches, etc, on the contrary, often reverberate or re- 
peat the voice of a speaker, because the walls are so fiu* off from the speakei; 
that the echo does not get back in time to blend with the original somid; 
and therefore each is heard separately. 

The shortest interval sufficient to render sounds distinctly appreciable hj 
the ear, is about l-9th of a second ; therefore when sounds follow at shorter 
intervals, they will form a resonance instead of an echo ; so that no reflecting 
8ur&ce will produce a distinct echo, unless its distance from ^e spot where 
the sound proceeds is at least 62| feet ; as the sound will in its progress in 
passing to and from the reflecting sur&ce, at the rate of 1,125 feet per sec- 
ond, occupy l-9th part of a second, passing over 62^X2=125 feet 

430. Where separate surfitces are so situ- 
ated that they receive and reflect the sound 
from one to the other in succession^ multiplied 
echoes are heard. 



When la aa 
echo muiti- 
pUed? 



Fia. 189. 



An echo in a build- 
ing near Milan, Italy, 
repeats a loud sound 30 
times audiblj. A river 
bounded by perpen- 
dicular walls of rock, 
where the sound is re- 
flected backward and 
forward over the sur- 
&ce of still water, is a 
favorable situation for 
the production of re- 
peated echoes. Fig; 
189 represents the 
manner in which the 
sounds rebound, in sodi 
situations, u at 1, 2, 3, 4, fit>m side to sida 

It is not necessary that the suilace producing an echo 
should be either hard or polished. It is oflien observed at 
sea that an echo proceeds fix)m the sur&ce of clouds. An 
echo at sea, however, or on an extensive plane, is heard but 
rarely, there bemg no sur&ces to reflect sound. To insure a 
perfect echo^ the reflecting sor&ce must be tolerably smooth, and of aome 




What eondi- 
tiona of snrface 
arereqaialteto 
produce a per- 
lieetechof 
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rblfitfar farm. An Irreg^alar sur&oe must break the echo ; and if the iirogo- 
lariiy be yeiy otmaideraible, there can be no distmct or audible reflection at 
aU. For tois reason an echo is much less perfect from the front of a house 
which has wmdows and aoois, than from the plane end, or anj plane wall of 
the same magnituae. 

How i8 lofmd 431. If the surface upon which the sound- 
jS?Sd* ^!SS waves strike be concave, it may concentrate 
^*^' sound, and reflect all that &lls upon it to a 

point at some distance from the Surface, called the focus. 

^Q ^3Q Thus, in Fig. 190, if the sound wares 

proceeding in right lines from the points 
<^ ^ / ^> ^ strike upon the ooncave sur* 
&ce, ABC, thej will all be reflected to 
the focus, F, and there concentrated in 
such away as to i»oduoe a most powerfiil 
effect 
It is upon this principle that whisper- 
ing galleries are constructed, and domes and vaulted ceilings often exhibit the 
same curious phenomena. In these instances a whisper uttered at one point 
is reflected from the curved sur&ce to a focus at a distant pointy at which 
situation it may be distmctlj heard, while in all other positions it will be in- 
audibla 

Whatoecasloiis ^ '^ femiliar with the resonance produced by placing a 
the noiae heard sea-shell to the ear — an effect which fancy has likened to the 
Inftaea^eUf u^^^ ^^^q g^a." This is caused by the hollow form of the 
shell and its polished surfiMie enabling it to receive and return the beatings 
of all sounds that chance to be trembling in the air around the shell. 

432. Speaking-tubes and speakmg-trumpets depend on the principles of the 
reflection of sound. 

Fia. 19L 




.If 
f 
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^^j^ ^ ^ 483. A Speaking-Trumpet (Fig. 191) is a 

siMakiDg-Trnm- hoUow tubo 80 coustnicted that the rays of 
^* sound (proceeding from the mouth when ap- 

plied to it), instead of diverging, and being scattered 
through the surrounding atmosphere, are reflected from the 
sides, and conducted forward in straight lines, thus giving 
great additional strength to the voice. 
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FiOb 192. The oonne of the rays of 

I soand prooeeding fix>m the 
mouth through tiiis instru- 
ment^ maj be shown by 
ilg. 192. The trumpet be- 
hig directed to any pcHut, a 
collection of parallel rays of 
sound moves toward sudi 
J pointy and they reaoh th» 
ear in much greater number tban ^ooJd the diverging rays which would pn>- 
oeed from a speaker without such an mstrument 

What !■ «a 484. An Ear-Trumpet is, in form and appli- 
Ear-Trumpetf cation, the leverse of a speaking-trumpet, but 
in principle the same. The rays of sound prooeeding from 
a speaker, more or less distant, enter the hearing-trumpet 
and are reflected in such a manner as to concentrate the 
sound upon the opening of the ear. 

FiCK 193, ^' ^^^ represents the form ol the ea^trumpet gen- 

erally used by deaf persons. The aperture A is placed 
within the ear, and the sound which enters at B is, by a 
series of reflections from the interior of the instrument^ 
concentrated at A» 

In the same manner persons hold the hand concave 
behind the ear, m order to hear more distinctly. The 
concave hand acts^ in some reepects, as an ear-trumpet^ and reflects the sound 
into the ear. 

Most of the stcMies m respect to the so-called "haonted houses'* can be all 
satis&ctorily explained by reference to the principles whidh govern the re* 
flection of sounda Owing to a peculiar arrangement of reflecting walls and 
partitions, sounds produced by ordinary causes are often heard hi certam 
localities at remote distances^ in apparently the most unaccountable manner. 
Ignorant persons beoome alarmed, and their imagination connects the phe- 
nomenon with some supernatural cause. 

435. A ri^t understanding of the principles which goyem the reflection 
i>f sound is often of the utmost importance in the construction of buildings 
intended fi>r public speaking, as halls, churches, eta 

Experience shows that the human voice is capable ci fllling a larger space 
than was ever probably inclosed within the walls of a single room. 

__ ^ . The drcumstances which seem necessary in order that the 

stances are nee- human Voice should be heard to the greatest possible distance^ 
sorei^e vSmost ^^^ ^^ *^® greatest distinctness, seem to be, a perfectly 
distinctness in tranquil and uniformly dense atmosphere, the absence of all 
hearing? extraneous sounds, the absence of echoes and reverberationi^ 

and the proper arrangement of the reflecting surfkoes. 
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„ . ^ A pure atmosphere in ft room for speaking, being fityomble 

pore fttmos- to the speaker's health and strength, will give him greater 
f ^*"£iriSa? P^^®*" ^^ ^^°® *°*^ ™^'^ endurance, thus indirectly improv- 
ing the hearing bj strengthening the source of sound, and also 
by enabling the hearer to give his attention for a longer period undisturbed. 

In constructing a room for public speaking, the ceilmg 
room for pub. ought not to exceed 30 to 35 feet in height 
Mi^^bedf^ The reason ci this may be explamed as fbllows:^If we 
advance toward a i^ll on a calm day, producing at each step 
nuoaolTthte? *^"^® sound, we "^iB; find a pomt at which the echo ceases 
to be distinguishable firom the original sound. The distance 
fiom the wall, or the corresponding interval of time, has been called the limit 
of perceptibility. This limit is about 30 to 36 feet; and if the ceiling of a 
building for speaking be arranged at this limit, the sound of the voice and the 
echo will blend together, and thus stiengthen the voice of the speaker. 

If the ceiling be constructed higher than this limit of perceptibility, of 
higher than 30 or 35 feet, the direct sound and the echo will be heard sepa- 
rately, and will produce indistinctness. 

How niAT £!choes from walls and ceilings may, to a certain extent, 
eehoM in ». be avoided by covering their suifiu^s with thick drapery, 
E^^^'ScteS ^^^ absorbs sound, and does not reflect it 
be ftToidedf If the room is not very laige, a curtain behind the speaker 

impedes rather than assists his voice. 
hf ^the™^^ ^^ ^^ every apartment, owing to the peculiar arrange- 
n«t9 o^ ■» ment of the reflecting sur&ces, some notes or tones can be 
apurtmen heard with greater distinctness than others; or, in other 

words, every apartment is fitted to reproduce a certain note, called the key- 
note, better than any othw. If a speaker, therefore, will adapt the tones of 
his voice to coincide with this key-note, which may readily be determined 
by a little practice, he will be enabled to speak with greater ease and distinct- 
ness than under any other dioumstances. 

In a large room nearly square, the best place to speak from is near one cor- 
ner, with the voice directed diagonally to the opposite comer. In most cases, 
the lowest pitch of voice that will reach across the room will be the most 
audible. In all rooms of ordinary form, it is better to speak along the length 
of a room than across it It is better, generally^ to spcKik fi:om pretty near a' 
wall or {Hilar, than fiir away from it 



SECTION III. 

0B0AK8 or HBAKIira AND OF THE YOIOB. 

^^^. ^ 437. The Ear consists, in the first instance, of a ftmnel* 

eonstmetionor shaped mouth, placed upon the external surface of the head. 
tkehiuDAiiMr. jjj nMny animals this is movable, so that they can direct it 
to the place firom whence the sound comes. It is represented at a» Fig. 194. 

9* 
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-piQ^ 194 Proceeding inward from this external por- 

tion of the ear, is a tube, something more than 
an inch long, tenninating in an oval-shaped 
opening, 5, across which is stretched an elas- 
tic membrane, like the parchment on the head 
of a drum. This oval-shaped opening has re- 
ceived the name of the tympanum, or drum of 
the ear, and the membrane stretched across it 
is called the ** membrane of the tympanum, or 
drum of the ear." 

The sound concentrated at the bottom of the ear-tube falls upon the mem- 
brane of the drum, and causes it to vibrato. That its motion may be free, 
the air contained within and behind the drum has free communication with' 
the external air by an open passage, /, called the eusiachian tube^ leading to 
the back of the mouth. A degree of deafhess ensues when this tube is ob- 
structed, as in a cold; and a crack, or sudden noise, with immediate return 
of natural hearing, is generally experienced when, in the e£fort of sneezing or 
otherwise, the obstruction is removed. 

The vibrations of the membrane of the drum are conveyed further inward, 
through the cavity of the drum, by a chain of four bones (not represented in 
the figure on account of their minuteness), reaching from the center of the 
membrane to the commencement of an inner compartment which contains the 
nerves of hearing. This compartment, fix)m its curious and most intricate 
structure is called the Labyrinth, Fig. 194, ced. 

The Labyrinth is the true ear, all the 
other portions bemg merely accessories by 
which the sonorous undulations are propa- 
gated to the nerves of hearing contained 
in the labyrinth, which is excavated in the 
hardest mass of bone found in the whole 
body. Fig. 195 represents the labyrinth 
I on an enlarged scale, and partially open. 

The labjrrinth is filled with a liquid sub- 
itance, through which the nerves of hearing 
are distributed. When the membrane of 
the drum of the ear Is made to vibrate by the undulations ci soimd strikmg 
against it, the vibrations are communicated to the little chain of bones, 
which, in turn, strikmg against a membrane which covers the extemaf) 
opening of the labyrinth, compresses the liquid contained in it This ac- 
tion, by the law of fluid pressure, is communicated to the whole interior of 
the labyrinth, and consequently to all portions of the auditory nerve dis- 
tributed throughout it: the nerve thus acted upon conveys an impression to 
the brain. 

The several parts of the labyrinth consist of what is called the vestibule, 
e, Fig. 194, three semicircular canals, e, imbedded in the hard bone, and a 
winding cavity, called the cochlea^ d, like that of a snail-shell, in which fibres, 



Fig. 195. 
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stretched across like harp-strings, oonstitate the lyra. The separate uses of 
these various parts are not jet fullj known. The memhiane of the tym- 
panum maj be pierced, and the chain of bones may be brc^en, without en- 
tire loss of hearing. 

438. In the hearing apparatus of the lower orders of 
eiSiffittes ^ animals, all the parts belonging to the human ear do not 
the hearing ftp. exist. In fishes, the ear consists only of the labyrinth; and 
^irerutimalsr ^ lower animals the ear is simply a little membranous 
cavity filled with fluid m which tiie fibres of the nerves of 
hearing float 

439. All persons can not hear sounds alike. 
^8 ^^ ^ In diflTerent individuals the sensibility of the 
■Dondaiiker auditorj nerves varies greatly. 
What 18 fhb ^^* ^^® whole range of human hearing, 
wog^^^n- from the lowest note of the organ to the high- 
est known cry of insects, as of the cricket, in- 
cludes about nine octaves. 

What are the ^^'^' ^^ *^® humau systcm, the parts con- 
organs of cemed in the production of speech and music, 
are three : the wind-pipe, the larynx, and 
the glottis. 

What 18 the 442. The Wind-pipe is a tube extending 
wind-pipef ^^j^ ^j^^ extremity of the throat to the other, 
which terminates in the lungs, through which the air 
passes to and from these organs of respiration. 
What !■ um 443. The Larynx, which is essentially the 

tAvynxt organ of speech, is an enlargement of the up- 
per part of the wind-pipe. The Larynx terminates in 
two lateral membranes which approach near to each other, 
having a little narrow opening between them called the 
glottis. The edges of these membranes form what is 
called the vocal chords. 
Hoir fa voice 444. In Order to produce sound, the air ex- 

prodoeedr pired from the lungs passes through the wind- 
pipe and out at the larynx, through the opening between 
the membranes, the glottis : the vibration of the edges of 
these membranes, caused by the passage of air^ produces 
sound. 
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Hoir can fhe ^^ *^® action of nrafldes we can rtxy the tension of thefle 
tones of th« membranes, and make the opening between them lai^ or 
dered ^rdot """^ *^** *^"* render the tones of the voice grave op acute.* 

Mater 445. The loudness of the voice depends 

SSTthfi^d- ^«^iiily ^P^ii ^^^ force with which the air ig 
•ofoerote expelled from the lungs. 

!nie force which a healthj' chest can exert in blowing ia 
about one pound per inch of its surftce ; that is to say, the chest can con- 
dense its contained air with that force, and can blow throu^ a tube the 
mouth of wMch is ten feet under the sur&ce of water. 

wh«ti«iheTo. ^6. In coughing, the top of the windpipe, 
J^g^y •' or the glottis, is closed for an instant, during 
which the chest is compressing and condensing 
its contained air ; and on the glottis being opened, a 
slight explosion, as it were, of the compressed air takes 
place, and blows out any irritating matter that may be 
in the air-passages. 

Does sound ^'* Sound, to some extent, appears to alwajrs accompany 

genenUy ac- the liberation of compressed air. An example of this is seen 
mJeStion ^of "^ *^® report which a pop-gun makes when a paper-bullet 
compressed air? is discharged from it The air confined between tiie paper 
bullet and the dischargingHxid is suddenly Ulcerated, and 
strikes against the surrounding air, thus causing a report in the same man- 
ner as when two solids come into coUision. In like manner an inflated blad- 
der, when burst open with force, produces a sound like the report of a pistol. 
To what Is th ' ^®' "'^^^ BOund of falling water appears in a great measure 
soand of iaiUng to be owing to the formation and bursting of bubbles. When 
water doe? ^^ distance which water falls is so limited that the end of 

* The pover which the win possesses of determining with the most perfect predsion 
the exact degree of tendon which these membranes of the glottis, or Tocal chords shall ' 
receive, is eztremdy remarkable. Their arerage length in man is estimated at 73-lOOths 
<^an inch in a state of repose, while in the state of greatest tension it is about 93-lOOths 
of an ineh. The ayerage length of the membranes in the female is somewhat less. Each 
interral, or rariation of tone which the human Yoioe is capable of producing is occasioned 
by s different degree of tension of these membranes ; and as the least estimated number 
of Tarlations belonging to the voice is 240, there must be S40 diflEsrent states of tension 
of the vocal chords, or membranes, every one of which can be at once determined by the 
wilL Their whole varlatioD in length in man behig not more than one fifth of an inch, 
the variation required to pass from one interval of tone to another will not be more than 
1.1200th of an faieh. 

It Is on aooount of the greater length of the vocal chords, or membraaes of the '^ottls, 
that the pltdi of the voice is much lower in man than in woman : but the difference does 
not arise until the end of the period of childhood, the size of the larjmz in both sexes being 
about the same up to the age of 14 or 15 years, but then changing rapidly in the male 
sex, and remaining nearly stationary in the female. Hence it is that boys, as well as 
girls and women, sing treble ; while men sing tenor, which is about an octave lower than 
treble, or bass which is lower still.-- Dr. Cawpeator, 
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the stream does not beoome broken into bubbles and dropsy netther soond or 
air-babbles wOl be pfoduoed ; but as soon as the distanoe becomes incroased 
to a sufficient extent to break the end of the column into drops^ both air-bub- 
bles and sounds will be produced. 

' whatisraeea- ^^' Sneezing is a phenomenon resembling 
^^ cough ; only the chest empties itself at one 

effort, and chiefly through the nose, instead of through 
the mouth, as in coughing. * 

whatisiangh- 450. Laughiug consists of quickly-repeated 
*°*' expulsions of air from the chest, the glottis 

being at the time in a condition to produce voice ; but 
there is not between the expirations, as in coughing, a 
complete closure of the glottis. 

wfamtiseryingr 451. Crying differs from laughing almost 
solely in the circumstance of the intervals be- 
tween the gusts or expirations of air from the lungs being 
longer. Children laugh and cry in the same breath. 

Insects generally excite sonorous vibrations by the fluttering of their wings, 
or other membraneous parts of their structure. 

PBACTIOAL QUESTIONS IN ACOUSTICS. 



1. The flash of • canivm wu teen, and ten npoadB aftenrmrd the report mm heard: 
Itow&r off was the cannon? ^^ ,\ ,,..^.' //^-J-^r \^' ' >■ /s*t 

2. At what distanoe iTas a flash of lightning, when the flash was se^ seren seeonda 
before the thunder was heard r //^ / \ v ji /' > w/ 

3. Hoir long after a sndden shont will an echo he reffamed from a high wall 1,120 feet 
distant? 2. *.^'" ^ 

4. A stone heing dropped Into the month of a mine, was heard to strike fiie bottom 
In two seconds ; how deep was the mine?- / 7 JL 

5. A certain musical string vibrates 100 times in a second : how man/ limes must It 
vftrate in a second to produce the octave ? 



CHAPTER XII. 

HEAT. 



452. Heat is a physical i^nt, known only 
by its effects upon matter. In ordinary lan-> 
guage we use the term heat to express the sensation of 
warmth. 
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463. Caloric is the general name given to 
the physical agent which produces the sensa- 
tion of warmth^ and the various effects of heat observed 
in matter. 

How is heat 454. Thc quantity of heat observed in dif- 
measaredr fereut substauccs is measured, and its effects 
on matter estimated, only by the change in bulk, or ap^ 
pearance, which different bodies assume, according as hesib 
is added or subtracted. 

What is tem. 455. The degree of heat by which a body 
peratorer jg affectcd, or tho scnsible heat a body con- 
tains, is called its Tempebatubb. 

456. Cold is a relative term expressing only 
the absence of heat in a degree ; not its total 
absence, for heat exists always in all bodies. 
What dtettn- 457. Heat possesses a distinguishing char- 
frtSteffc^dSi acteristic of passing through and existing in 
beat poBMur all kinds of matter at all times. So far as we 
know, heat is everywhere present, and every body that 
exists contains it without known limits. 

Ice contains heat in large quantities. Sir Humphrey l)avy, by friction, ex- 
tracted heat from two pieces of ice, and quickly melted them, in a room cooled 
below the freezing-point, by rubbing them against each other. 

In what man. 458. The tcndcncy of heat is to diffuse, or 
diffawr o^* spread itself among all neighboring substances, 
■pread'itieif? ^j^^ji ^U havc acquircd the same, or a uniform 
temperature. 

A piece of iron thrust into burning coals becomes hot among them, because 
the heat passes from the coals into the iron, until the metal has acquired an 
equal temperature. 

When do ire 459. Whcu the hand touches a body having 
cauabodyhotf j^ higher tcmpcraturc than itself, we call it 
hot, because on account of the law that heat diffuses itself 
among neighboring bodies until all have acquired the 
same temperature, heat passes from the body of higher 
temperature to the hand, and causes a peculiar sensation, 
which we call warmth. 
460. When we touch a body having a temperature 
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When do we lowGT than that of the hand, heat, in accord- 
cauabodyeoidr j^^ ^^.j^ ^jj^ ^^^^ j^^^^ psflses out ftom the 

hand to the body touched, and occasions the sensation 
which we call cold.* 

461. Sensations of heat and cold are, therefore, ibierely 
degrees of temperature, contrasted by name in inference 
to the peculiar temperature of the individual speaking of 
them« 

U d hat "^ ^^^ °^^ ^^^ ^^^ ^^^ ^^^ ^ ^^ '"^'^^ person at the 

dreamstanoea Same time, sinoe the sensation of heat is produced by a body 

hoT'aSdSid uf ^^^^^ *^^^ ^® ^^*^^ provided it be leas cold than the body 

the same per- touched immediately before; and the sensation of cold is 



wnattheiame produced under the opposite circumstances, of touching a 
comparatively warm body, but which is less warm than some 
other body touched pre^nously. Thus, if a person transfer one hand to com- 
mon spring water immediately after touching ice, to that hand the water 
would feel very warm ; while the other hand transferred from warm water 
to the spring water, would feel a sensation of cold. 

Has heat ^^^' Heat is imponderable, or does not pos- 

^•***^*' sess any perceptible weight. 

If we balance a quantity of ice in a delicate scaie^ and then leave it to 
melt, the equilibrium will not be in the slightest degree disturbed. If we 
substitute for the ice boiling water or red-hot iron, and leave this to cool, 
there will be no difiference in the result Count Bumford, having suspended 
a bottle containing water, and another containing alcohol to the arms of a 
balance and adjusted them so as to be exactly in equilibrium found that the 
balance remained undisturbed when the water was completely frozen, though 
the heat the water had lost must have been more than sufficient to have made 
an equal weight of gold red hot 

What do we ^63. The nature, or cause of heat is not 
SSJeSriJluf clearly understood. Two .explanations, or 
theories have been proposed to account for the 
various phenomena of heat, which are known as the me- 
chanical and vibratory theories. j 
Expiaiiifheme. ^64. The mechauical theory supposes heat 
ebankaitheonr. ^.q bc an cxtrcmely subtile fluid, or etherial 

* There can not be a more faHadoai meant of estimating heat than hj the touch. Thus, 
In the ordinary si^^ite of an apartment, at any season of the year, the objects trhich are in 
It hare all the same temperature ; and yet to the touch they will feel trarm and cold in 
different degrees. The metallic otrjects will he the coldest; stone and marble less so; 
wood still less; and carpeting and woolen otjects will feel warm. Now all these ol^ects 
arc at exaotty the same temperature, as ascertained by the thermometer. 



208 wsLLcrs natubal philosophy. 

kind of matter pervading all space, and entering into 
combination in various proportions and quantities, with 
all bodies, and producing bj this combination all the va« 
nous effects noticed. 

BxpumiieTi. 466. The vibratory theoiy, on the contrary, 
iintor7tiiaor7. guppoges hoat to bc merely the effect of a spe- 
cies of motion, like a vibration or undidation, produced 
either in the constituent particles of bodies, or in a subtle, 
imponderable fluid which pervades them. 

When one end of a bar of iron is thrust into the fire and heated, the other 
end soon becomes hot also. According to the mechanical theorj, a subtile 
fluid coming out of the fire enters into the iron, and passes firom particle to 
particle until it has spread through the whole. When the hand is applied to 
the bar it passes into it also^ and occasions the sensation of warmth. Ao* 
cording to the vibratory theory, tiie heat of the fire communicates to the par^ 
tides of the iron themselves, or to a subtile fluid pervading them, certain vi- 
bratory motions, which motions are gradually transmitted in every direction, 
and produce the sensation of heat, in the same way that the undulations or 
vibrations of air, produce the sensation of sound. 

„ ^ There seems to be but little doubt at the present time among 

two theories scientific men, that the theory which ascribes the phenome- 
g^ll^^y '^ na of heat to a series of vibrations, or undulations, either in 
matter, or a fluid pervading it, is substantially correct At 
the same time it is not wholly satis&ctoiy, and neither theory will perfectly 
explain aU the &cts in rek^on to heat with which we are aoquamted. 
For the purpose of describing and explaining the phenomena and effects of 
heat, it is convenient, in many cases, to retain the idea that heat is a substance. 
The &ct that nature nowhere presents us, neither has art 
de^oMinfaTor ^^^ succeeded in showing us, heat alone in a separate state, 
of the reipeet. is a Strong ground for believing that heat has no separate 
^^t^eoriei of material existence. Heat, moreover, can be produced without 
limit by friction, and intense hei^t is also produced by the ex- 
plosion of gonpowder. On the contrary, as arguments in fiivor of the material 
existence of heat, we have the fact, that heat can .be oonmiunicated very 
readily through a vacuum ; that it becomes instantiy sensible on the oondens> 
ation of any material mass, as if it were squeezed out of it : as when, on re- 
ducing the bulk of a piece of metal by hammering, we render it very hot (the 
greatest amount of heat beiug emitted with the blows that most change its 
bulk); and, flnally, that the laws of the spreading of heat do not resemble 
those of the spreading of sound, or of any other motion known to u& 

466. The relation between heat and %ht is a very mtimate 
ta^ to^*S <»©• Heat exists without light, but all the ordinary sources 
tween heat and of light are also sources of heat; and by whatever artificial 
^^^ means natural light is oondeosed, so as to increase its splen* 
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dor, the heat which it produoes ia alao^ at the same time^ rendered mon 



467. When a body, naturally incapable of 
bodyfaMwidfls- emitting light, is heated to a sufficient extent 
~°***' to become luminous, it is said to be incandes- 

cent, or ignited. 

\niatii iisiM ^8. Flame is ignited gas issuing from 
s udfinr ^ burning body. Fire is the appearance of 
heat and light in conjunction, produced by the combus- 
tion of inflammable substances. 

The ancient philoeopheis used the term fire as a chamcteristie of the nature 
of heat, and regarded it as one of the finir elements of nators; air, earth, and 
water heing the other three. 

Heat and the attraction of cohesion act oonstantlx in opposition to each 
other; hence, the more a body is heated, the less will be the atlrsctiTe Ibroe 
between the particles of which it is composed. 

SBCTION I. 

80T7BOBS or BBAT. 

mj^ww Am 4g9^ Six great sources of heat are recognized. 
■onroMofhMtf They are— 1. The sun ; 2. The interior of the 
earth ; 3. Electricity ; 4. Mechanical action ; 5. Chemical 
action ; 6. Vital action. 

What to the 470. The greatest natural source of heat is 
STm!^^ the sun, as it is also the greatest natural source 
***»' of light. 

AlthoQgh the qoantity of heat sent Ibrth finom the sun is immense, its rajs^ 
felling naturally, are never hot enongh, even in the torrid zone, to kindle 
- .g^ combustible snbstances. By meana^ however, of a 

bnming^glass^ the heat of the son's rajs can be ocii* 
centrated, or bent toward one points called a fixso^ 
in soffident quantity to set fire to snbstanoes sob- 
mitted to their action. 

Hg. 196 represents the manner in which a bnming> 
C^asB concentrates or bends down the rays of heat 
until they meet in a fbcos. 
Two opinions^ or theories, have been entertained in order to account for the 
production of heat and light by the sun ; one supposes that the sun is an 
intensely-heated mass, -n^ich throws off its light and heat like an intensely- 
heated mass of hon : the other, based on the ground that heat is ooeasioned 
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bj the yibrationfl of an ethereal fluid ooenpyiog all spaoe^ Buppu uo B that the 
son may prodaoe the phenomena of light and heat without waste of its tern* 
peratoie or sabetanoe^ as a bell may constantly prodaoe the phenomena of 
sound. 

Whatever may be the true theory, a series of experiments, made some years 
since by Arago, the eminent Frendi astronomer, seem to prove that the tem- 
perature at the surface of the sun is much more elevated than any artificial 
heat we are able to produce. The experimental reasons which lead to this 
opinion are as follows:— 

There are two states in which light is capable of existing— the ordinaif 
state, and the state of polarization.* It has been proved that all bodies, in \ 
solid or liquid state, which are rendered incandescent by heat^ emit a polai* 
ized light, while bodies that are gaseous, when rendered incandescent, mva- 
riably emit light in its ordinary state. Thus the physical condition of a body 
may be distinguished when it is incandescent by examining the light which 
it affords. On applying the test to the direct light of the sun, it was found to 
be in the unpolarized or ordinary condition of light Hence it has been in* 
ferred by Arago that the matter finom T^ch this li^^t proceeds must be in 
the gaseous state^ or, in other words, in a state of flame. From other experi- 
ments and observations, Arago was led to the conclusion that the sun was ft 
solid, opaque, non-luminous body, invested with an ocean of flame. 

,^ . ,^ , 471. Owing to the position of the earth's 
attre heat of axis, the relative amount of heat received from 

the eim Alwaye ^i . i ^ . x« i* 

greater In some the 8un 18 alwajs greater m some portions of 
euih°uiln at the earth than at others, since the rays of the 
*" sun always &11 more directly upon the central 

portions of the earth than they do at the poles, or extremi- 
ties ; and the greatest amount of heat is experienced from 
the rays of the sun when they fall most perpendicularly. 

Why if the ^*^^' '^^ *^®** of the sun is greatest at noon, because fop 
heat of the Ban the day the sun has reached the highest point in the heaven^ 
S^*^ At m^^ i^ jg^j^ fjg^ jQQj^ perpendicularly than at any other 

time. 
SIe**iMJfe^**°* For a like reason we experience the extremes of tempera- 
in temperature ture, distinguished as summer and winter. In summer the 
torommer and position of the sun hi relation to the earth is such, that at- 

though more remote fix)m the earth than in winter, its rays 
&11 more perpendicularly than at any other season, and impart the greatest 
amount of heat; whUe in winter the position of the sun is such that its rays 
fall more obliquely than at any other time, and impart the smallest amount of 
heat The sun, moreover, is longer above the horizon in sununer than in 
winter, which also {jroduoes a corresponding effect 
The reason why a difference in the inclination of the sun*s rays &l]ing upon 
* For ezplanation of the term polarizatioii, see chapter on Light " 




SOUBOES OF HEAT. 211 

the iwr&ce oi the earth oocasions a diflbrenoe in their heating efiTect k, that 
the more the rajrs are inclined, the more they are diffiised, or, in other wordf^ 
the larger the apace they oover. This may be rendered apparent by reference 
to Fig. ld*l. 

PiO. 19t« ^^ ^ suppose A B D to represent 

a portion of the sun's rays, and C D a 
portion of the earth's sur&ce upon which 
the rays ML perpendicularly, and G E 
portions of the sur£EK» upon which they 
fall obliquely. The same number of 
rays will strike upon the sur&oes C D 
and E, but the surface C E being 
greater than G D, the rays will necessarily &11 more densely upon the latter; 
and as the heating power must be in proportion to the density of the rays, it 
is obvious that G B will be heated more than G E, in just the same propor- 
tion as the sur&ce G E is mcare extended. But if we would compare two 
sur&oes upon neither of which the sun's rays fall perpendicularly, let us take 
G E and G F. They fall on G E with more obliqui^ than on G F; but G E 
is evidently greater than G F, and therefore the ra3n9 being diffused over a 
larger sor&oe are less dense, and therefore less effective in heating. 
What 18 the 473. The greatest natural temperature ever 
SKXewtoi; authentically recorded was at Bagdad, in 1819, 
ererobwrved? Yrheu the thermometer (Fahrenheit's) rose to 
120^ in the shade. On the west coast of Africa the ther- 
mometer has been observed as high as lOS"" F. in the 
shade. Burckhardt in Egypt, and Humboldt in South 
America, observed it at 117® F. in the shade. 

What is the ^^^' -^^^^* '^^'^ ^^^^ *^® ^®^ of Fahrenheit's 
lowest tempe- thermometer is the lowest atmospheric temper- 
** **^ ature ever experienced by the Arctic navigators. 

Towhatextent 475. Tho greatest artificial cold ever pro- 
SSTd b^^ duced was 220® F. below zero, 
daoed? This temperature was obtained some years since byM. 

Natterei^ a German chemist Professor Faraday also produced a cold 
equal to 166^ F. below zero. At neither of these temperatures were pure 
alcohol or ether fix>zen. 

The temperature of the space above the earth^s atmosphere has been esti* 
mated at 68^ below zero^ Fahrenheit's thermometer. 

•!» what depth 476. The depth to which the influence of 
die«**«ie^2S *^® ^^^^ ^f *^® ^^^ extends into the earth va- 
oTttie mn ex- ngg fi^nQ 50 to 100 fcct ; never, however, ex- 
ceeding the latter distance. 
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Hoir do we Indepe&deiitl/ of the mn, howevw, the earth is a Muroe of 
know that the heat The proof of this is to be found in the &ct| that as ve 
^rtiriBAwane deeoend into the earth, and pass beyond the limitsof the influx- 
ence of the solar heat, the temperature constantly rises. 

At what rata 477. The increase of temperature observed as 
pemtaraof the we descehd ioto the earth, is about one degree 
•arth increaw f ^^ ^^iq thennometcrfor every iSfty feet of descent 

Supposing the temperature to increase according to this ratio, at the depth 
cf two miles water would be converted into steam ; at four miles, tin would 
be melted ; at five miles, lead ; and at thirty miles^ almost every earthy sub- 
stance would be reduced to a fluid stata 

The internal heat of the earth does not appear to have any sensible effect 
upon the temperature at the sur&oe, bemg estimated at less than l-30th of 
a degree. The reason why such an amount of heat as is supposed to exist in 
the interior of the earth does not more sensibly affect the surfiiee is because 
the materials of which the exterior strata or crust of the earth is composed, 
do not conduct it to the surface from the interior. 

Under what 478. When electricity passes from one sub- 

toSSSwdt?? stance to another, the medium which serves to 
Moneofhoatf couduct it is vory frequently heated ; but in 
what manner the heat is produced we have no positive in- 
formation. 

The greatest known heat with which we are acquahited, is thus produced 
by the agency of the electric or galvanic current All known substances can 
be melted or volatilized by it. 

Heat so developed has not been employed for practical or economical pur- 
poses to any great extent ; but for philosophical experiments and investiga- 
tk>ns it has been made quite useful 

How is ehem- 479. Many bodies, when their original con* 
ISi^^t^ stitution is altered, either by the abstraction 
of some of their component parts, or by the 
addition of other substances not before in combination 
with them, evolve heat while the change is taking place. 

In such cases, the heat is said to be due to chemical ac* 
tion. 

What i« ebon. ^80. We apply the term chemical action to 
ieaiaetioiir those Operations, whatever they may be, by 
which the form, solidity, color, taste, smell, and action of 
substances become changed ; so that new bodies, with 
quite different properties, are formed from the old. 

A familiar illustration of the manner in which heat is evolved bj ohemioal 
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•cticm fai to be Iband in fhe experiment of pouring ooM water upon quick- 
lime. The water and the lime combine t(^ther, and in so doing liberate a 
great amotmt of heat» sufficient to set fire to combustible substances. 

How ia heat 481. Heat is always evolved when a fluid is 
£^of^m transformed into a solid, and is always ab- 
im matter? soibcd wfaen a solid is made to assume a fluid 
condition. As water is changed from its liquid form when 
it is taken up by quicklime, therefore heat is given off. 

The heat produced by the various forms of combustion, is the result of chem- 
ical action. 

In what two *^^- ^®** exists in two very different con- 
«2ji^«doe* ditions, as Free, or Sensible Heat, and as 

Latent Heat.* 
whatig semi. ^^S. When the heat retained or lost by a 
Uttheatr ijojy jg attended with a sense of increased or 

diminished warmth, it is called sensible heat. 
What ii latent 484. Wheu the heat retained or lost by a 
^^^ body is not perceptible to our sense, it is called 

latent heat. 

Botr d V Everj substance contains more or less of latent heat Al- 

know- heat to though our senses give us no direct information of its pres- 
tf^e'ean^not ^^^ ^® ™*^» ^^ * variety of experiments, prove that it ex- 
peneiTe it? ists. Thus, the temperature of ice is 32^ by the thermometer, 
but if ice be melted over a fire and converted into water, the 
water will be no hotter than the ice was before, although in the operation 
140 degrees of heat have been absorbed by the water. When, on the contrary, 
water passes into ice, a large amount of heat which was before latent in the 
water, passes out of it, and becomes sensiblcf 

„ , 485. Another important source of heat is 

Roir |i VMh T • I • 

ehanimd action mcchamcal actiou, hcat bein&T produced by 
fnction and by the condensation, or compres- 
sion of matter. 

Whatanffloi- Savage nations kindle a fire by the fnction of two pieces 
tratlona of the of dry wood ; the axles of wheels revolving rapidly iVequentIf 
Seat °^"fri«I become ignited ; and in the boring and turning of metal tbe 
tkmr chisels often become intensely hot In all these cases the 

friction of the sur&ces of wood or of metal in contact, dis- 
turbs the latent heat of these substances, and renders it sensible. 
The following interesting experiment was made by Count Rumford, to il- 

* Latent^ from the Latin word lateo, to he Md. 

t VtkB pheoomtiia of latent heat an ftar^er eoneidered under the head of UqneAetioii. 
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Instrato the effect of frictum in produciiig heat :--A borer waa made to re- 
volve in a cylinder of brass, partialiy bored, tiiirty-two times in a minttta. 
The cylinder was indoeed in a box containing 18 pounds of water, the tem- 
perature of which was at first 60^, but rose in an hour to 10*70 • and in 
two hours and a half the water boiled. 

igairneoeiMury Air does not appear to be necessary to the production oi 
for the prodQo- heat by the friction of solid bodies; since heat is produced 
ttjoof^heatby by friction within a vacuum. 

To whatever extent the operation may be carried, a body 
never ceases to give out heat by friction, and this fiict is considered as a 
strong argument in fkvor of the theory that heat is not a substance, but 
merely a property of matter. 

It was formerly supposed that solids alone could develop heat by friction, 
but recent experiments have proved, beyond a doubt^ that heat is also gener- 
ated by the friction of flulda 

The heat excited by friction is not in proportion to the hardness or elas- 
ticity of the bodies employed ; on the contrary, a piece of brass rubbed with 
a piece of cedar- wood produced more heat than when rubbed with another 
piece of metal ; and the heat was still greater when two pieces of wood were 
employed. 

The reduction of matter mto a smaller compass by an exter- 
SSoM of^SIe *"^ ®^ mechanical force, is generally attended with an evolu- 
Dioductioii of tion of heat To such an act of compression we apply the 
dSiatton?**"' term condensation. 

Heat may be evolved from air by condensation. This may 
be shown by placing a piece of tinder in a tube, and suddenly compressmg the 
air contained in it by means of a piston. The air being thus condensed, parts 
with its latent heat in sufficient quantity to set fire to the tinder at the bot- 
tom of the tube. Another familiar experiment of the evolution of heat by 
condensation, is the rendering of iron hot by striking it with a hammer. The 
particles of the uron being compressed by the hammer, can no longer contain 
so much heat- in a latent state as they did before: some oi it therefore be- 
comes sensible^ and increases the temperature of the metal, and the striking 
may be continued to such an extent as to render the iron red-hot 

When a match is drawn over sand-paper or other rough substance, cer- 
tain phosphoric particles are rubbed off, and bemg compressed between the 
match and the paper, their heat is nused sufficientiy high to ignite them and 
fire the match. If the match be drawn over a smooth surface, the compres- 
sion must be increased, for the temperature of the whole phosphoric mass must 
be raised in order to cause ignition. 

The fulminating substance of a percussion-cap explodes when struck by a 
hammer, because the blow occasions a compression of the particles, by which 
a sufficient amount of latent beat is liberated to produce ignition. 

What is meant 486. Most living animals possess the property 
by Titai heatr ^f maintaining in their system an equable tern- 
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perature} whether surrounded by bodies that are hotter or 
colder than they are themselves. The cause of this is due 
to the action of vital heat, or the heat generated or ex- 
cited by the organs of a living structure. 

The foUowiDg facts illustrate this principle: — ^The explorers of the Aictio 
regions, during the polar winter, while breathing air that froze mercuiy, still 
iiad in them the natural warmth of 98° Fahrenheit above sero; and the 
inhabitants of India, where the same thermometer sometunes stands at 
1L5° in the shade^ have their blood at no higher temperatura Again, 
.^the temperature of burds is not that of the atmosphere, nor of fishes that 
of the sea. 

487. The cause of animal heat is undoubt- 
eanae of Titid edly duo to chcmical action ; — the result of 
respiration and nervous excitation. 

Do idaata poo- Growing vegetables and plants also possess, in a degree, 
aess this prop, the property of maintaining a constant temperature within 
^'^^ their structure. The sap of trees remains unih>zen when the 

temperature of the surrounding atmosphere is many degrees below the frees&- 
ingpoint of water. 

This power of preserving a constant temperature in the animal structure is 
limited. Intense cold suddenly coming upon a man who has not sufficient 
protection, first caCises a sensation of pain, and then brings on an almost irre- 
Bistible sleepiness^ which if indulged in proves £ktaL A grtot excess of heat 
also can not long be sustained by the human system. 

Each species of animal and vegetable appears to have a temperatare natural 
and peculiar to itself and from this diversity different races are fitted for dif- 
ferent portions of the earth's surface. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes; the pine-tree and the Arctic bear, 
to those which are colder 

When animals and plants are removed fi^m thefa- peculiar and natural dis- 
tricts to one entirely different, they cease to exist, or change their character 
in such a way as to adapt themselves to the climate. Ab illustrations of this^ 
we find that the wool of the northern sheep changes in the tropics to a spe- 
cies of hair. The dog of the torrid zone is nearly destitute of hair. Bees 
transported fiom the north to the region of perpetual summer, cease to lay up 
«tor^ of honey, and lose In a great measure their habits of industry. 

Man alone is capable of livmg in all climates, and of migrating fiieely to all 
portions of the earth. 

Of all animals, birds have the highest temperature ; mammalia, or those 
which suckle their yonncr, come next ; then amphibious animals, fishes, and 
certain insects. Shell-fish, worms, and the like, stand lowest in the scale of 
temperature. The common mud-wasp, in its chrysalis state, remains unfh)zen 
during the most severe cold of a northern winter ; the fluids of the body in- 
stantly conceal, however, in a freozin^^ temperature, the moment the case^ 
or shell which incloses it, is crushed. 
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SBCTION II. 

OOMMVHIOATIOH 07 HBAT. 

STiUSSiSl ^^' ^®** ^^J ^ communicated in three 



be 

••*^» ways: by Conduction, by Oonvbotion, and 

by Radiation. 

489. Heat is commnnicated by conduction 

commanieated wheu it tiavels from particle to particle of the 

substance, as from the end of the iron bar 

placed in the fire to that part of the bar most remote 

from the fire. 

What to eon. 490. Whctt heat is communicated by being 
^'**"^' carried by the natural motion of a substance 
containing it to another substance or place, as when hot 
water resting upon the bottom of a kettle rises and carries 
heat to a mass of water through which it ascends, the heat 
is said to be communicated by convection. 
WbAttonuu*. 491. Heat is communicated by radiation 
tioDofheatr ^hen it leaps, as it were, from a hot to a cold 
body through an appreciable interval of space ; as when a 
body is warmed by placing it before a fire removed to a 
little distance from it. 

now doee a 492. A hcatcd body cools itself, first by giv- 
©SuLein^^ ing off heat from its surface, either by conduc- 
tion or radiation, or both conjointly ; and sec- 
ondly, by the heat in its interior passing from particle to 
particle by conduction, through its substance to the sup- 
face. A cold body, on the contrary, becomes heated by a 
process directly the reverse of this. 

Do an bodies 493. Different bodies exhibit a very great 
2SSl£?wiSi?* degree of difference in the facility with which 
they conduct heat : some substances oppose 
very little impediment to its passage, while through others 
it is transmitted slowly. 

What are eon- 494. All bodics are divided into two classes 
mn^^a^ _in respect to their conduction of heat, viz., 
of heat r j^ijq couductors and non-conductors. The for- 
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Fickisa. 



mer are such as allow heat to pass freely through them ; 
the latter comprise those which do not give an easy pass- 
age to it. 

Dense solid bodies, like the metals, are the best con- 
ductors of heat ;* light, porous substances, more especially 
those of a fibrous nature, are the worst conductors of heat. 

The different conducting power of varions solid sabetanoes may be strik* 
ingly shown by taking a series of rods of equal length and thidmeei^ coating 
one of thdr extremities with wax, and placing the other extremities equally^ 
in a source of heat The wax will be found to entirely melt off from some 
cf the rods before it has hardly softened upon othera 
What is the *95* Liquids are almost 
SSf^^iin absolute non-conductors of 

boirer of aqr 

•«d.r heat. 

If a snail quantity of alcohol be poured on the sor- 
tsyce of water and inflamed, it will continue to bum 
for some time. (See F^g. 198.) A thermometer, 
Immersed at a small depth below the common sur- 
hce of the spirit and the water, will &il to show any 
Increase in temperature. 

Another and more simple experiment proves the 
same &et ; as when a blacksmith immerses his red- 
hot iron in a tank of water, the water which but* 
roimds the iron is made boiling hot, while the water 
not immediately in contact with it remains quite cold. 

FiCL 199. ^ * *^^ nearly filled with water is held 
over a spirit lamp, as in Fig. 199, in such a 
manner as to direct the flame against the 
upper layers of the water, the water will be 
obserred to boil at the tc^, but remain cool 
below. If quicksilver, on the contrary, be 
BO treated, its lower layers will speedily bo- 
come heated. The particles of mercury will communicate the heat to eadi 
other, but the particles of water will not do sa 

A stone, or marble hearth in an apartment, feels colder to 
2S^ o?^' the feet than a woolen carpet, or hearth-rug, not because the 
ble hearth feel Q^e is hotter than the other, for both are really of the same 
^S?****^ * temperature, but because the stone and marble are good 
• The foUowing table exhibits the relative conducting power of different ■ahstances, 
the ratio expressing the conducting power of gold being taken at 100 ; 





Gold 
Platinam 
Silrer . 
Copper . 
Iron 
Zinc 



100-00 


Tin . . 


. .80-38 


98*10 


Lead . . . 


. . 17-98 


97-30 


Marble . 


. . 2-a4 


m-Bi 


Porcelain . . 


. . 1-M 


8T-41 > 


Brick earth . 


. . 113 


86-37 
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eonducton^ ftnd the woolen carpet and hearth-rag very bad conductors. 
The action of the two sabstanoee is as foQows: — As soon as the hearth- 
stone has absorbed a portion of heat from the feet, it instantly disposes 
of it hy conducting it away, and calls tor a fresh supply ; and this ac- 
tion win continue until the stone and the foot hare establi^ed an equili- 
brium of temperature between them. The carpet and the rug also abtsorb 
beat from the feet in like manner, but they conduct or coayey it away so 
dowly, that its loss is hardly peroeptiblei. 

Most yarieties of wood are bad c(mduct(»8 of heat ; hence, though one end 
of a stick is biasing, the other end may be quite cold. Ck)Qking vessels, for 
this reason, are often ftirnished with wooden handJiea^ which conduct the heat 
of the yeesel too slowly to render its influx into our hands painfuL For the 
same reasGii we use paper or woolen kettle-holders. 

Tawkrttztaaft ^96. Bodies in the gaseous, or aeriform con- 
b^'i^dS^et ditioJ^ ^^ D^^'® imperfect conductors of heat 
^^^' than liquids. Common air, especially, is one 

of the worst conductors of heat with which we are ac- 
quainted. 

Hov is air *97. Air is, however, readily heated by con- 

heated f vectiou. Thus, whcu a portion of air by com- 
ing in contact with a heated body has heat imparted to 
it, it expands, and becoming relatively lighter than this 
other portions around it, rises upward in a current, carry*^ 
ing the heat with it ; other colder air succeeds, and (being 
heated in a similar way) ascends also. A series of cur- 
rents are thus formed, which are called ** convective cur- 
rents." 

In this way air, which is a bad conductor, rapidly reduces the temperatora 
of a heated substance. If the air which encases the heated substance were 
to remain perfectly motionless, it would soon become^ by contact, of the same 
temperature as the body itself and the withdrawal of heat would be checked : 
but as the external air is never perfectly at rest^ firesh and colder portions 
continually replace and hracoeed those which hare become in any .degree 
heated, and thus the abstraction of heat goes on. 

For this reason a windy day always feels colder than a calm day of the 
■ame temperature, because in the former case the particles of air pass over 
us more rapidly, and every fresh partide takes some portion of heat 

H<nr may the ^98. The couducting powcr of all bodies is 
JS^erff'&uei diminished by pulveriziivg them, or dividing 
Cdiiniiii-h*df them into fine filaments. 
Thus saw-dust) when not too mu^ compressed, is one of the most perfect 
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non-conductors of heat. Wool} fhr, hair and feathers, ai^fMB^dMMMivt 
yy^ytvif .iConductors of heat 

ftaM ' "Wodens and furs are used for clothing in cold weather, not 
and vooiemi because thejr impart any heat to the body, but because thej 
nKd for elofch- j^^ y^jy ^^ conductors of heat; and therefore prevent the 
warmth of the body from being drawn off by the cold air. 
The heat generated in the animal system by yital action has constantly a 
tendency to escape, and be dissipated at the sur&ce of the body, and the rate 
■t which it is dissipated depends on the difference between the temperature 
of the surface of the body and the temperature of the surrounding medium. 
By interposing, however, a non-conducting substance between the surfiuie of 
the body iuid the external atmosphere, we prevent the loss of heat which 
would otherwise take place to a greater or less degree. 

The non-conducting properties of fibrous and porous sub- 
S* ^ ™^.I^ stances are due almost altogether to the air contained in their 
doetlng prop- interstices^ or between their fibers. These are so disposed as 



ertiefl of ^twous ^ receive and retain a large quantity of air without permitting 



it to circulate. 

The warmest clothing is that which fits the body rather loosely, because more 
hot air will be confined by a moderately loose garment than by one which fits 
the body tightly. 

Blankets and wann woolen goods are always made with a nap or projec- 
tion of fibers upon the outside, in order to take advantage of this principle. 
The nap or fibers retain air among them, which, fiY>m its non-conducting 
properties, serves to increase tiie wannth of the materiaL 
Whfti inii . ^^ ^^ ^^ fibers of hair, or wool, the more closely they 
enoe bM the retain the air enveloped within them, and the mrae imperme- 
flbOTgs^^QS* *^^® they become to heat In accordance with this princi- 
warmth of a pie, the external coverings of animals vary not only with the 
^*^^*^^'^^ climate which the species inhabit, but also in the same indi- 

▼idmd tbey change with the season. In wann dimates the furs are generaUy 
ooane and thin, while in cold countries they are fine, close^ lights and of uni* 
fiNrm texture, ahnost perfect non-oooductore of heal 

We have illustrations of this principle also in the vegetable kmgdom. The 
baik of trees, instead of being compact and hard like the wood it envelops, 
18 pofous and formed of fibers, or layers, which, by including more er less of 
air between their sur&ces, are rendered non-conductors^ and prevent tha 
escape of heat fi!om the body of the tree. 

An apartment is rendered much warmer for being fiimished with double 
djors and windows^ because the air omfined between the two surfiices op- 
poses both the escape of beat fi:om within, and the admissicHi of cold from 
without 

As a non-conducting substance prevents the escape of heat from within a 
body, so it is equally efficacious in preventing the access of heat from without 
In an atmosphere hotter than our bodies, the effect of cbthmg would be to 
keep the body cooL Flannel is one of the wannest artides of dress, yet we 
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can not preserve ice more effectoally in summer than bj enveloping it in its 
folds. Firemen exposed to the intense heat of furnaces and steam-boilers, in- 
variably protect themselves with flannel garments. 

Cargoes of ice shipped to the tropics, are generally packed for preservation 
in sawdust: a casing of sawdust is also one of the most eflfectual means of 
preventing the escape of heat from the sur&ces of steam-boilers and steam- 
pipes. Straw, from its fibrous character, Is an excellent non-conductor of 
heat, and is for this reason extensively used by gardeners for incasing plants 
and trees which are exposed to the extreme cold of winter. 
_ ^ Snow protects the soil in winter from the effects of cold In 

protect the the Same way that fur and wool protect ammals, and doth- 
earth from i^g |qj„^ &iow is made up of an infinite number of little 
cryBtals, which retain among their interstices a large amount 
of air, and thus contribute to render it a non-oonductor of heat A covering 
€f snow also prevents the earth from throwing off its heat by radiation. The 
temperature of the earth, therefore, when covered with snow, rarely descends 
much below the freezing-point, even when the air is fifi^en or twenty de- 
grees colder.* Thus roots and fibers of trees and plants, are protected fit>m a 
destructive cold. 

499. Clothing is considered warm or cool ac- 
dreamataDcoa oordiog as it impedes or facilitates the passage 
eidcred ma of heat to or from the surface of our bodies. 
The finer the cloth, the more slowly it con- 
ducts heat. Fine cloths, therefore, are warmer than 
coarse ones. 

Woolen substances are worse conductors of heat than cotton, cotton than 
silk, and silk than linen. A flannel shirt more effectually intercepts heat 
than cotton, and a cotton than a linen one. 

The sheets of a bed feel colder than the blankets, beoaose they are better 
conductors of heat, and carry off the heat more rapidly from the body, the 
actual temperature of both, however, is the same. For the same reason, ji 
linen handkerchief is cooler and more agreeable to the &oe than a cotton one. 

Cellars feel cool in sommer, and warm in winter, becaoae the external air 

* ** Few can realize the proteeting value of the warm coverlet of mow. No eider-down 
In fhe cradle of an bifant la tacked In more kindly than tbe sleepln|p>dreM of winter about 
the feeUe flower-liib of the Arctic regloni, The i|nt warm mows of Angoat and Septem* 
ber, falling on a thickly-Uended carpet of grwH^ heat^is and willows, enahrlne the 
flowery growths which nestle around them }n a npn-condaqtin^ afr-ohamber; and as 
each successive snow increases the thickness of the cover, we have, before the intense cold 
of winter sets in, a light cellolar bod, eovered by drift, six, eiglit, or ten feet deep, in 
which the plant retains its vitality. The fiwaen sub-aoU does not encroao fa npon this nar- 
row cover of vegetation. I have found, in mid-winter, in the high latitude of 78*, the 
surface so nearly moist aa to be ftlaUe to the touph; an4 on the ipe-floea ^mipeDelng 
with a surface temperature of 30* below sero, I found, at two feet deep, a temperature of 
8* below sero, at four feet 2* above aero, and at eight feet 96* above aero. My ezperi- 
ments prove that the eonducting poww of mow ia proportioned to Its eomprearirm by 
winds, raina, drifts, and obngetefclon.**— Diu Kaks's Second ArcUe Jfetysdif^ow, 



COMMUNICATION OF HJfiAT. 221 

has not free access into them ; hi consequence of which they remain almost at 
an even temperature, which in summer is about 10 degrees ooldefi and in 
winter about 10 degrees warmer than the external air. 
V hmt ^^^' ^^^S^^^to^ ^^ ^'^^ ^^ preservation of animal and 

prindpio are vegetable substances in warm weather, are double-walled 
and^ir^^oof ^^®s» '^^^ ^^^ spaces between the sides filled with powdered 
Mfes oon- charcoal, or some other porous, non-oonducting substance, 
•tructed? rj,{jQ go-called "fire-proof" safes are also constructed of 

double or treble walls of iron, with intervening spaces between them filled 
with gypsum, or " Plaster of Paria'* This lining, which is a most perfect 
non-conductor, prevents the heat from passing from the exterior of tiie safe 
to the books and papers within. The idea of applying " Plaster of Paris" in 
this way for the construction of safes, originated, in the first instance, fix>m a 
workman attempting to heat water in a tin basin, the bottom and sides of 
which were thinly coated with this substance. The non-conducting proper- 
ties of the plaster were so great as to almost entirely intercept the passage of 
the heat, and the man, to his surprise, Yound that the water, although directly 
over the fire, did not get hot. 

501. It has been already stated that liquids and gases 
are non-conductors of heat, and can not well be heated, 
like a mass of metal, or any solid, by the communication 
of heat from particle to particle. 

whT can not This peculiarity is owing to the mobility 
S^*^ be hwu which subsists among the particles of all fluids, 
mara«1irri! ^ud to tho chauge in the size of the particles, 
"■* which is invariably produced by a change in 

their temperature. 

The ooDStitaent particles of sc^d bodies being incapable of changing their 
rektiTe position and arrangement, the heat can only pass through them, from 
partide to partide, by a slow process ; but when the particles forming any 
Bteafcom of liquid are heated, their mass, expanding, becomes 
lighter, bulk for bulk, than the colder stratum immediately ^ ^' ^ - 
above it, and ascends, allowing the superior strata to descend. 

Hoir is water 502. Whcu the hcat enters at 
made hot? ^j^^ bottom of a vesscl containing 
water, a double set of currents is immediately 
established — one of hot particles rising to- 
ward the surface, and the other of colder par- 
ticles descending to the bottom. The por- 
tion of liquid which receives heat from below 
18 thus continually diffused through the other 
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parts, and the heat is communicated by the motioii of the 
particles among each other. 

These currents take place so rapidly, that if a thermometer be placed at 
the bottom and another at the top of a long jar, the fire being applied below, 
the upper one will begin to rise almost as soon as the lower ona The 
moyement of the particles of water in boiling will be understood by referenoe 
to Fig. 200. They may be rendered visible by adding to a flask of boiUng 
water a few small particles of bituminous coal, or flowers of sulphur. 

Air and other gases are heated in precisely the same manner aa watei; 
and this method of oominunioating heat is termed conyection. 

Heat, however, passes by conduction between the particles of both liquids 
and gases, but to such a slight extent, tiiat they were for a long time re- 
garded as entirely incapable of conducting heat 

In whait mail. ^03. The proccss of cooHng in a h'quid is 
^Mr "**"** directly the reverse of that of heating. The 
particles at the surface, by contact with the 
air, readily lose their heat, become heavier, and sink, while 
the warmer particles below in turn rise to the surface. 

To heat a liquid, therefore, the heat should be applied at the bottom of 
the mass; to oool it, the cold should be applied at the top, or sui&ceb 

The facility with which a liquid may be heated or cooled depends in a great 
degree on the mobility of its particles. Water may be made to retain its 
heat for a long time by adding to it a small quantity of starch, tiie particles 
of which, by their viscidity or tenacity, prevent the tree circulation of the 
heated particles of water. For the same reason soup retains its heat longer 
than water, and all thick liquids, like oil, molasses, tar, etc., require a consid- 
erable time for cooling. 

B Dial tlM ^^^ When the hand is placed near a hot body suspended 

phenomena of in the air, a sensation of warmth is perceived, even for a 
ndUtloa. considerable distance. If the hand be held beneath the body, 

the sensation wSl be as groat as ujpcm the sides, although the heat has to 
shoot down through an opposing cuivent of air approaching ic This eflfect 
does not arise fix>m the heat being conveyed by means of a hot current, smce 
all the heated partides have a uniform tendency to rise ; neither can it de- 
pend upon the conducting power of the air, because aeriform substances pos- 
sess that power in a very low degree, while the sensation in the present oaso 
is excited ahnost on the instant This method of distributing heat, to dis- 
tinguish it from heat passing by conduction, or convection, is called radiation, 
and heat thus distributed is termed radiant, or radiated heat 

^ 1. w.;i. ^S- All bodies radiate heat in some meas- 

Do all bodies 

»^{« irSn* ^^^^' ^^* ^^* ^^ equally well ; radiation being 

in proportion to the roughness of the radiating 

surface. All dull and dark substances are^ for the most 
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part, good radiators of heat ; but bright and polished sub- 
stances are generally bad radiators.** Color, however, 
alone, has no effect on the radiation of heat. 

If a metal sarface be scratched, its radiating power is increased. A liqtdd 
contained in a bright, highly-polished metal pot, will retain its heat much 
longer than in a dull and blackened one. This is not due to the polish or 
brightness of the sur&oe, but to the &ct that, by polishing^ the soifiioe is ren- 
dered dense and smooth, and such surfaces do not allow the heat to escape 
readily. If we cover the polished metal surface with a thin cotton or linen 
doth, so as to render the sur&ce less dense, the radiation of heat, and conse- 
quent cooling, will proceed rapidly. 

Black lead is one of the beet Imown radiators of heat, and on this account 
is generally employed for the blackening of stoves and hot-air flues. As a 
h^h polish is unfavorable to radiation, stoves should not be too hig^y polished 
with this substanca 

Heat radiated from the sun is all radiant heat 

606. Heat is propagated through space by 

pr^^ by radiation in straight lines, and its intensity 

varies according to the same law which governs 

the attraction of gravitation, that is, inversely as to the 

square of the distance.f 

Thus the heating effects of any hot body is nine times less at three fbet than 
at (me; sixteen times less at four feet; and twenty-five times less at five. 

The velocity with which radiant heat moves through space 
iSty dSSJSl fa, in all probabiUty, the same as the velocity of M^t Some 
dluit heat authorities, however, consider it to be only four fifths of that 
moref ^ ^^^ ^ about 164,000 miles in a second of time. 

poetndutkm 507. The radiation of heat goes on at all 
£^fto^ times, and from all sur&ces, whether their 
^*°^^^ temperature be the same or different from 

that of surrounding objects : therefore the temperature 
of a body falls when it radiates more heat than it absorbs; 
its temperature is stationary when the quantities emitted 
and received are equal ; and it grows warm when the ah* 
sorption exceeds the radiation. 

* The Mtbn of a Maekened surface of tin being amumed as 100, It has been found that 
that of a steel plate was 15 ; of clean tin, 12; of tin scraped bright, 16 ; when scraped with 
the edge of a flne flle In one direetioo, 26; when scraped again across, about 18; a suiw 
fjsoe of dean lead, 19; corered with a gray crust, 45 ; a thin crust of isinglass, 80; rosin 
M; writing-paper, 98 ; ice, 86^ 

t It Is an ewoeeAtof^j enrions ihot that this law applies to sU physieal inflnenees that 
q>read from a center, such as graritation, heat, light, electrical forces, magnetism and 
eonnd ; and lo sll central forces, when not weakened by any resistsnce or opposing forea. 
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If ft t)ody, at anj temperBiore, be placed moong other bodies, ft will affect 
their coadition of temperatore, or as we expiesa it, thermaUy ; just as a candle 
brought into a room illuniinateB all bodies in its presence ; with this differenoeiy 
however, that if the candle be extingaiahed, no more light is difinsed by it ; 
but no body can be thermally eztingoished. All bodies, however low be 
their temperature, contain heat, and therefore radiate it 

If a piece of ice be held before a thermometer, it will cause 
SmomeSer* the mereory in its tube to feU, and hence it has been sup- 
rink wben posed that the ice emitted rays of cold. This supposition is 
h^Qglil iHstf erroneous. The ice and the thermometer both radiate heal^ 

and each absorbs more or less of what the other radiates to- 
ward it But the ice, being at a lower temperature than the thermometer, 
radiates less than the thermometer, and thereibre the thermometer absorbs 
less than the ice^ and consequently faUs. If the thermometer placed in the 
presence of the ice had been at a lower temperature than the ice, it would, 
for like reasons^ have risen. The ice in that case would have wanned the 
tiiermometer. 

What do we ^^' Radiations, or effects whicb are propagated in straight 
mean by raya lines only (such as light and radiant heat), are most oonve- 
Sght r^^ ^^ niently considered by dividing them into innumerable straight 

lines, arrays; not that there are any such divisions in nature^ 
but they enable us more readily to comprehend the nature of the phenomena 
with which these principles are concerned. 

When ndunt 510- When rajs of heat radiated fix)m one 
to^ wrfLTrf tody fall upon the surface of another body, they 
ma^Mtt^be «J ^^7 ^ disposed of in three ways: 1. They 
p®^ *>'' may rebound from its surface, or be reflected ; 

2, They may be received into its surface, or be absorbed ; 

3. They may pass directly through the substance of the 
body, or be kansmitted. 

511. A ray of heat radiated from the Bur- 
ner le beatie. facc of a body proceeds in a straight line until 
it meets a reflecting surface, from wbich it 
rebounds in another straight line, the direction of which 
is determined by the law that the angle of incidence is 
equal to the angle of reflection. 

The maiftier in which heat is reflected is strildngly shown by taking two 
concave mirrors, M and K, Fig. 201, of bright metal, about one foot in diameter, 
and placing them exactly opposite to each other at a distance of about ten 
feet In the focus of one niirTor, as at A, is placed a heated body, as a mass 
of red hot iron, and in the focus of the other mirror, as at B, a small quantity 
of gunpowder, or a piece of phosphorus. The rays of heat, radiated in diverg- 
hig lines from the hot metal, strike upon the suriaoe of the mirror M, and are 



/^ 



:^^^o 



> 



COMMUNICATION OF HEAT. 



225 



Feflected by it in parallel lines to the surface of the opposite muror, N, where 
they will be caused to conveiige to its focus, B, and ignite the powder or 
phosphorua at that point 

Fia201. 





wK.t.«i«wwi 512. Polished metallic surfaces constitute 
reflectoni of the best reflectors of heat ; but all bright and 
light colored surfaces are adapted for this pur- 
pose to a greater or less degree.* 

"Water requires a longer time to become hot in a hrighi tin vessel than in a 
dark colored one, because the heat is reflected fix)m the bright surfitce, and 
does not enter the vessel 

How does tiie 513. The power of absorbing heat varies 
^^^^^^ with almost every form of matter. Surfeces 
^'^^^ are good absorbers of heat in proportion as 

they are poor reflectors. The best radiators of heat also 
are the most powerful absorbers, and the most imperfect 
reflectors. 

Dark colors absorb heat from the son more abundantly than light ones. 
Tliis may be proved by placing a piece of black and a piece of white cloth 
upon theusnow exposed to the sun ; in a few hours tiie black cloth will have 
melted the mow beneath it, while the white doth will have produced JitUe 
or no effiact upon it. 

The darker any color is, the warmer it is, because it is a better absorbent 
of heat The order may be thus arranged : 1, black (warmest of all) ; 2, violet ; 
3, indigo; 4, blue; 6, green; 6, red; 7, yellow; and 8, white (coldest of all). 

• Of 100 rays falling at an angle of 60' from the perpendicular, polished gold will reflect 
T6 ,* Bilrer ©2 ; brans, 62 ; brass withont poUdh, M ; polished brass vamishcd, 41 ; looking* 
l^aas, 20 ; g^ass plate blackened on the back, 12 ; and metal plate blackened, 6. 

10* 
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A piece of brown pi^r gabmitted to the action of a bnming-gUuss, ignites 
much more quickly than a piece of wiiite paper. The reason of this is, that 
the white paper reflects the rays of the sun, and though but slightly heated 
appean highly luminous ; while the brown paper, which absorbs the rays^ 
readily becomes heated to ignition. For the same reason a kettle whose bot- 
tom and sides are covered with soot, heats water more readi^ than a kettle 
whose sides are bright and dean. 

Light-colored &brics are most suitable for dresses in summer, since Hnef 
reflect the direct heat of the sun, and do not absorb it ; black ontside gar- 
ments, on the contrary, are most suitable for winter, as they absorb heat 
readily, but do not reflect it 

Hoar-frost, in the spring and autumn, may be observed to remain longer 
in the presence of the morning sun, on light-colored substances than upon tho. 
dark-colored soil, eta { the former do not absorb the heat, as the dark-colored 
bodies do, but reflect it, and in consequence of this they remain too cold to 
thaw the frost deposited upon theu: surfaces. 

H it the at- ^^^ '^"" •*^^^** **®** ^^'7' "^o^^y* «^d does not readily 
moapliereiieftt* psrt with it Air rarely radiates heat, and is not heated to 
^ ' great extent by the direct rays of the sun. The sun, however, 

beats the surfiioe of the earth, and the air resting upon it is heated by contact 
with it, and ascends, its place bemg supplied by colder portions, which in turn 
are heated also. 

This reluctance of air to part with its heat occasions some very curious dif- 
ferences between its burning temperature and that of other bodies. Hetals^ 
which are generally the best conductors, and therefore communicate heat 
most readily, can not be handled with impunity when raised to a temperature 
of more than 120^ F. ; water becomes scalding hot at 150o F. ; but air ap- 
plied to the skin occasions no very painful sensation when its heat is &r be- 
yond that of boiling water. 

Some curious experiments have been made in reference to the power of the 
human body to withstand the influence of heated air. Sir Joseph Banks en- 
tered an oven heated 52^ above the boiling point, and remained there some 
time without inconvenience. During the time, eggs, placed on a metal fram^ 
were roasted hard, and a beefsteak was overdone. But though he could 
thus bear the contact of the heated air, he could not bear to touch any metal- 
lic substance, as a watch-chain, money, eta Workmen, alsc^ enter ovens, 
in the manufecture of molds of plaster of Paris, in which the thermometer 
stands 100^ above the temperature of boiling water, and sustain no ii^ury. 

In what man- 515. Heat, in passing through most sub- 
tSnTOitted~* stances, or media, is retained, or intercepted 
througjj^fej^-j in its passage in a greater or less degree. The 
capacity of solids and liquids for transmitting 
heat is not always in proportion to their transparency, or 
capacity for transmitting light. 
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616. The heat of the sua passes through transparent 
kMdies without loss ; bat heat from terrestrial sources is 
in great part arrested by many substances which allow 
light to pass freely, — such as water, alum, glass, etc. 

Thuii^ a plate of glags beM between one's &oe and the ion will not proteol 
it» but held between the &oe and a fire^ it will interoept a large proportion tit 
ftbeheat 

617. Those substances which allow heat to pass freely 
through them, are called dicUhermanouSy and those which 
retain nearly all the heat they receive, are called other" 
manous. 

Bock-salt allows heat to pass through It moro roadily than any other known 
tabstance ; while a thin plate of alum, which is nearly transparont, ahnost 
entirely intercepts teirestrial heat Heat, indeed, will pass more readily 
through a black glass, so dark that the sun at noon is scarcely discernible 
through it, than through a thin plate of dear alum. Water is one of the least 
diathermanous substances, although its tran!)parency is nearly perfect I^ 
therefore, it is desired to transmit light without heat, or with greatly dimin- 
ished heat, it is only necessary to let the rays pass through water, by which 
they win be strained of a great part of their heat 

How doet the ^* ^^ ^ found that the power of heat to penetrate a 
teiaperatareof dense, transparent substance, is increased in proportion 9sthe 
tag hlSit^Sfert t®°iperat»re of the body from which it is radiated is mcreased. 
ito tranamif- Heat, also, accompanied by light, is transmitted more readily 
■^' than heat without light 

iBarmrof tolar ^^^' ^®** ^^^ ^^* *^™® ^ ^ conjointly from the sun. 
heat simple or When a ray of light is caused to pass through a prism it is 
JteSw ? ^ analyzed or separated into seven brilliant ootors, or element- 
ary parta If the heat ray which accompanies the light is 
treated in a similar manner, our organs of sight are so constituted that we 
do not discover any separation to have taken place in it It is, however, es- 
tablished beyond a doubt, that in the same manner as a ray of white lighi 
can be modified and divided, so a ray of radiant heat can be separated into 
parts possessing qualities corresponding to the various colors. 

SECTION III. 

THE EFFECTS OF HEAT. 

What effect 519- The general and most obvious effect c-^ 
dSS^iSL^S ^®^* ^P^° material substances, is to expand 
hoAimf them, or increase their dimensions. 
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lattie form of 520. The form of all bodies appears to be 
^n*5S**iiA*li entirely dependent on heat ; by its increase 
solids are conyerted into liquids, and liquids 
into vapor ; by its diminution vapors are condensed into 
liquids, and these in turn become solids. 

If matter ceased to be influeDoed by heat, all liquids, vapors, and doubtless 
even gases, would become permancnUj solid, and all motion on the sur&ce of 
tiie earth would be arrested. 

•What are the ^21. The three most apparent effects of 
SSSt"^«Si ^^^ty so far as relate to the form and dimen- 
of heat r gjQjjg Qf bodies, are Expansion, Liquefaction, 

and Vaporization. 

Heat operates to produce expansion bj introducing a repulsive fi>roe among 
the particles of the bodj it pervades. This repulsive foroei in the case of 
solids^ weakens or overcomes the attraction of cohesion, and gives to tiie par- 
ticles of all matter a tendency to separate, or mcrease their distance fixxn one 
another. Hence the general mass of the body is made to oocupj a larger 
space, or expand. 

In what bodies ^22. Tho cxpansiou occasioned by heat is 
dSSth?*gi?Sr. greatest in those bodies which are the least in- 
eat expaudoar flueuccd by the attraction of cohesion. Thus 
the expansion of soh'ds is comparatively trifling, that 
of liquids much greater, and that of gases very consid- 
erable. 

Dohodieaoon. 528. Thc cxpansion of the same body will 
^d M 1^ continue to increase with the quantity of heat 
M^eat enten ^jj^t cutcrs it, SO loDg as the form and chemi- 
cal constitution of the body is preserved. 
524. Among solids the metals expand the most ; but 
an iron wire increases only 1-282 in bulk when heated from 
32** of the thermometer up to 212. 

' Solids appear to expand uniformly from the freezing point of water up to 
1212^, the boiling point of water ; — ^that is to say, the increase of volume which 
attends each degree of temperature which the body reqeivee is equal When 
solids are elevated, however, to temperatures above 212^, they do not dilate 
oniformly, but expend in an increasing ratia 

The expansion of solids by heat is clearly shown by the followmg experi- 
ment, Fi^. 202 : m reprcfients a ring of metal, through which, at the ordinary 
temperature, a small iron or copper ball, o^ will pass freely, this ball being a 
little less than the diameter of the ring. If this ball be now heated by the 
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flame of ao aloohd lamp, it win become so 
&i expanded hj heat as no longer to pass 
through the ring. 

What appUca. '^ expansion of solids 
tiom of the by heat is made applicable 
SSdJ^heSt for many nsefal purposes in 
are made in the arts. The tires of wheels, 
**** "**' and hoops surrounding 

water-vats, barrels, eta, are made in the 
frst instance somewhat smaller than the 
frame- work they are intended to surround. ' 
They are then heated red hot and put on 
in an expanded condition ; on cooling, they 
contract and bmd together the several parts with a greater force than could 
be conveniently applied by any mechanical means. In like manner, In con- 
structing steam-boilers, the rivets are fitstened while hot, in order that they 
may, by subsequent contraction, festen the plates together more firmly. 

wiihtriiatde. ^^^' ^^^ ^^^® ^^^^ which bodies expand 
one of force and contract under the influence of the in- 
p^ndandcira^ creaso or diminution of heat, is apparently 
irresietible, and is recognized as one of the 
greatest forces in nature. 

The amount of force with whidi a solid body wD] expand or contract is 
equal to that which would be required to compress it through a space equal 
to its expansion, and to that which would be required to stretch it through a 
space equal to its contraction. Thus, if a pillar of metal one hundred inches 
in height, being raised in temperature, is augmented in height by a quarter 
of an inch, the force with which sudi increase of height is produced is equal 
to a weight whidi being placed upon the top of the pillar would compress it 
' so as to diminiah its height by a quarter of an incli. 

In the same manner, if a rod of metal, one hundred inches In length, be 
contracted by diminished temperature, so as to render its length a quarter of 
an inch less, the force with which this contraction takes place is equal to that 
which being applied to stretch it would cause its length to be increased by a 
quarter of an inch. 

This principle is sometimes practically applied when great mechanical force 
is required to be exerted through small spaces. Thus walls of buildings 
which, fh>m a subsidence of the foundation, or an unequal pressure, have been 
thrown out of their perpendicular position, and are in danger of ihlling, may 
be restored in the followmg manner: A series of iron rods are carried across 
the building, passing through holes in the walls, and secured by nuts on the 
outside. The rods are then heated by lamps until they expand, thereby 
caunng th^ ends to project beyond the building. The nuts with which 
these extremities are provided are then screwed up until they are in close 
contact with the outside wall, the lamps are then withdrawn and the rods 
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allowed to oooL In oooliog thcgr giadna&y omtncti and by tbeir oonlnw- 
tion draw up the walla. 

On aooonnt of the expansion of metal by heat, the saoceasive raOs whidli 
compoae a Ime of railway can not be placed end to end, but a small space is 
left between their extremities for expansion. 

A store snaps and crackles when a fire is first kindled in it, and also when 
the fire in it is extinguished. This noise is occasioned by the expansion and 
oontractbn <^the several parts consequent on the increase and dimination of 
heat 

A glass or earthen ressel is liable to break when hot water is poured 
into it^ on account of the unequal expansion of the inner and outer suxfiKML 
Glass and earthen ware being poor conductors of heat, tiie mner sorfiioes 
m contact with the hot water become healed and expand befo^ the outer are 
alTected; the tendency of this is to waip or bend the aides nneqaaQy, and as 
the brittle material can not bend, it breaks. 

KaOs in old houses are often kwse and eaafly drawn oat; the iron expands 
in summer and oontraots in winter more than the wood into whidi it has 
been driven, and thus in time the opening is enlarged. 

When the stopper of a decanter or smelling-bottle sticks, a cloth dipped in 
hot water, and applied to the nedc of the bottle will frequently k^oaeni^ since 
by the heat of the doih its dimensions are expanded and enlarged. 

The tone of a piano is higher in a cold than in a warm room, Sx the reason 
that the stringay being contracted by cold, are drawn tighter. 

Towbatextmt ^^^' I^*^'^^*^ cxpaod tbiough the agency of 
Jottqoijjex- heat more unequally^ and to a much greater 
degree than solids. 
A column of water contained in a cylindrical glass 
vessel will expand i^ in length on being heated from 
the freezing to the boiling point, while a column of 
iron, with the same increase of temperature, will expand 
only ifj. 

A &miliar illustration of the expansion of water by heat is seen in the over- 
flow of full vessels before boiling commences. Different liquids expand veiy 
unequally with an equal increase in temperature. Spirits of wine, on being 
heated ih>m 32^ to 212^, increase one ninth in bulk; oil expands about one 
twelfth ; water, as before stated, about one twenty-third. A person buying 
oil, molasses and spirits in winter, will obtain a greater weight of the same 
material in the same measure than in summer. Twenty gallons of alcohol 
bought in January, will, witii tiie ordinary increase of temperature^ become^ 
by expansion, twenty-one gallons in July. 

What peenu. ^27. Water, as it decreases in temperature 
^SSn**'d5fi toward the freezing point, exhibits phenomena 
water exhiut? ^j^ch are whoUy at variance with the general 
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law that bodies expand by heat and contract by cold^ or 
by a withdrawal of heat.* 

As the temperature of water is lowered, it continues to contract until it 
arrives at a temperature of 39*^ F^ when all further contraction ceases. The 
Yolume or bulk is observed to remain stationary for a time, but on lowering 
the temperature still more, instead of contraction, expansion is produced, and 
this expansion continues at an increasing rate until the water is congealed. 
At the moment also of its conversion into ice, it undergoes a still further 
expanaon. 

wiwiiiiwstar ^^^' ^^^^^ attains its greatest density, or 
jft^e greatest the greatest quantity is contained in a given 
** ^ bulk, at a temperature of 39° F. 

As the temperature of water oontinaes to decrease below 89^, the point of 
its greatest density, its particles, from their ezpansioii, necessarily occupy a 
lai^ger space than those which possess a temperature somewhat more elevated. 
The coldest water, therefore, being tighter, rises and floats upon the snr&oo 
of the warmer water. On the approach of winter this phenomenon actually 
takes place m our lakes, ponds and rivers. When tiie surfiuse-water becomes 
sufiSciently chilled to assume the form of ice, it becomes still lighter, and con- 
tinues to float By this arrangement, water and ice being almost perfect 
nanKX>nductors of heat, the great mass of the water is protected from the 
influence of cold, and prevented from becoming chilled throughout 

If water constantly grew heavier as its ten^rature diminished (as is the 
case with most liquids), the colder particles at the surfitce would constantly 
sink, until the whole body of water was reduced to the freezing point Again, 
if ice was not lighter than water, it would sink to the bottom, and by the 
oontinuanoe of this operation,, a river or lake would soon become an immense 
solid mass of ice, whidi the heat of sunmier would be insufficient to dissolve. 
The temperate regions of the earth would thus be rendered uninhabitable. 
Among all the phenomena of the natural world, there is no more striking 
fllustration of the wisdom of the Creator, and of the evidences of design, tiian 
in this wonderful exception to a great general law. 

Wh does '^^^ expansion of water at the moment of freezing is attrib- 

ter expand in uted to a new and peculiar arrangement of its partides. lee 
freezing? j^^ ^ reality, crystallized water, and during its fonnation the 

partides arrange themselves in ranks and lines which cross each other at 
angles of 60° and 120°, and consequently occupy mora space than when 
Mquad. This may be seen by examining the surface of water in a saucer whil» 



A beautifrd illustration of this crystallization of water in freezing is seen ui 
the frost-work upon windows in winter, caused by the congelation of the 
YogGt of the room when it comes in contact with the cold surface of the glass. 

* A few other liquids besides water expand with a rednetion of temperatare. Fused 
tron, antimony, sine, and bismuth, are examples of such expansion. Mercury is a re- 
inarkable lutanoe of the reyerse, for when it freeses, it aatUn a vsry great contraction. 
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All theie ftoet-work fignrBS are limited by the laws of OTBtallizatioii, and the 
lines which bound them, form among themaelTes no angles but those oi 
30O 60^f and 120o. If we fracture thin ice, by allowing a pole or weight to 
&11 upon it, the fracture will have more or less of regularity, bemg generally 
in the form of a star, with six equi-distant radii, or angles <^ 60^. 

529. The force exerted by tiie expansion of water in the 
fcirM doeTi^ *^ of freezing is yery great As an illustration, the following 
ter escpand la experiment may be quoted : — Cast-iron bomb-shells, thirteen 
"^ indies in diameter and two inches thick, were filled with wa- 

ter, and their apertures or fhse-holea firmly plugged with iron bolts. Thus 
propazed, they were exposed to the severe cold of a Canadian winter, 
at a temperature of about 19^ below zero. At the moment the water 
iroze, the iron plugs were yiolently thrust out, and 1^ ice protruded, and 
in some instances the shells burst asunder, thus demonstrating the enor- 
mous interior pressure to which they were subjected by water aasoming a 
■olid state. 

The rounded and wea&er-wora appearance of rodn Is mamly due to the 
expansion of freezing water, which penetrates into their fissures, and is ab- 
soibed into their pores by capillary attraction. In freezing, it expands and 
detaches successiTe firagments, so that the original sharp and abrupt outline is 
gradually rounded and softened down. 

The burstmg of earthen water vessela, and of water pipes, by the fireezing 
of water contained in them, are fiuniliar illustrations of the same principle. 

By allowing the water to run in a swvioe-pipe, we prevent its freezing, be- 
cause the motion of the current prevents the crystals from forming and 
attaching themselves to the sides of the pipe. 

At bat tem. ^^' "^^ ordinary temperature at iHiidi water freezes is 
penton doM 32^, Fahrenheit's thermometer. This rule applies only to 
water freexef fresh water; salt water never fi!eeases until the surfiice is oooled 
down to 27^, or flvl degrees lower than the fieezmg point of winter. 

Under some droumstanoes pure water may be cooled down to a tempera- 
ture mudi below 32^ wi&out freezing. Thus, if pure, recently-bofled water, 
be cooled very slowly and kept very tranquil, its temperature may be low- 
ered to 21^ without the formation of ice; but the least motion causes it to 
congeal suddenly, and its temperature rises to 32^. 

631. The ice produced by the fteeeiDg of sea or salt water 
lot ^prodoeed Is generally flresh and flree from salt, since water in freezing^ 
& ofVatwal ^ sufficient fireedom of motion be allowed to its partidee, ex- 
ter firee from pels all impurities and coloring matters. The ice formed in 
"^^' the congelation of a solution of indigo is colorless, since the 

water in which the indigo was dissolved expels the blue odoring matter in 



Blocks of ice are generally filled with minute air-bubbles ; 
origin of the this is owing to the fact that the water in fteeang expels the 
i!wn*ia ilSf?*** "^ contained in it, and many of the liberated bubbles become 
lodged and imbedded in the thickenmg fluid. 
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In trhat man. 532. GasGs and aerifomi substances expand 
1 

expand by heat? 



ner do gaae.^ l-490th of the bulk wluch thcj possess at 32^ 



for every degree of heat which they receive 
above that point, and contract in the same proportion for 
every degree of heat withdrawn from them. 

Thus, 490 cubic inches of air at 32® would so expand as to occupy an inch 
more space at 33^, and by the addition of another degree of heat, raising its 
temperature to 34^, it would occupy an additional inch, and so on. In a like 
manner, by the withdrawal of heat, 490 cubic inches of air would occupy an 
inch less space at 31^ than at 32^ ; two inches less at 30^, and so on. The 
same law holds good for all other gases, and for vapors and steam. 

Illustrations of the expansion of air by heat are most familiar. If a bladder 
partially filled with confined air be laid before the fire, the air contained in it 
may be expanded to a degree sufficient to burst the bladder. Chestnuts laid 
upon a heated sur&ce, burst with a loud report on accoimt of the expansion 
of the air within their shells. The process of warming and ventilating build- 
Si^ depends entirely upon the application of this principle of the expansion 
and contraction of air by the increase and dimmution of heat 

How may the 533. As the magnitude of every body changes 
SSSStiSn^iIr with the heat to which it is exposed, and as 
pHM^tS* t£ tte same body, when subjected to calorific in- 
S^tl™"** fluences under the same circumstances has al- 
ways the same magnitude, the expansions and 
contractions which are the constant effects of heat, may be 
taken as the measure of the cause which produced them. 
What are fho 534. Thc instrumcuts for measuring heat 
lSS!Srt^*h»t *"^ Thermometers and Pyrometers. The for- 
•■"^' mer are used for measuring moderate tempera- 

tures ; the latter for determining the more elevated de- 
grees of heat. 

liquids are better adapted than either solids, or gases for measuring the 
csfTectBof heat by expansion and contraction; since in solids the direct ex- 
pansion by heat is so small as to be seen and recognized with difficulty, and 
in air or gases it is too extensive, and too liable to be affected by variations 
In the atmospheric pressure. From both of these disadvantages liquids are 
fiee. 

The liquid generally used in the construction of thermometers is mercury, 
or qulck^ver. 

Mercury possesses greater advantages for this purpose than 
Jwyeljeidimy any other liquid. It is, in the first place, eminently dis- 
adapted for the tinguished for its fluidity at all ordinary temperatures; it 
^raometenir is, in addition, the only body in a liquid state whose va- 
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liatioDS in vohime^ or magnitade^ through & oonsiderab]^ nnge of tempo- 
rature are exactly nniibnii and propoitioxial with every increaae and dim- 
inution of heat Mercury, moreover, boils at a higher temperatore than 
any other liquid, except oertain oils; and, on the other hand, it freeees at 
a lower temperatore than all otiier Uquida, except some of liie moet vda- 
tile, anch as ether and aloohoL Thna a mercurial thermometer will have a 
wider range than any other liquid thermometer. It ia also attended with 
this oonvenienoe, that the extent of temperature included between meltmg 
ice and boiling water stands at a considerable distanoe from the liipits of ill 
range^ or its freesing and boiling points. 

i>6wHiw the ^3^« ^^^ mercurial tbermometer consists es- 
j;j222jf***^ sentially of a glass tube with a bulb at one 
end, partially filled with mercury. The mer- 
cury introduced through an opening in the end of the 
tube is afterward boiled, so as to expel all air and moist- 
ure, and fill the tube with its own vapor. The open end 
of the tube is then closed, by fusing the glass, and as the 
mercury cools it contracts, and collects in the bulb and 
lower part of the tube, leaving a vacuum above, through 
which it may again expand and rise on the application of 
heat. In this condition the thermometer is complete, 
with the exception of graduation. 

H tb«r- ^^^* '^ thermometers are oonstructed of different dimen- 

mometen gim- sions and capadtlefl^ it is neoesaaiy to have some fixed rules 
duatedr fyp graduatmg them, in order that they may always indicate 

the same temperature under the same circumstanoes, as the freezing-pomt^ fijr 
example To accomplish this end the following plan has been adopted: — 
The thermometers are first immersed in melting snow or ice. < The mercury 
wfll be observed to stop in each thermometer-tobe at a oertain height ; tiiese 
heights are then marked upon the tubes. Now it has been ascertained that 
at whatever time and place the instruments may be afterward immersed in 
melting snow or ice, the mercury oontained in <hem will always fix itself at 
the point thus marked. This point is called the fi^eedng point of water. 

Another fixed point is determined by immershig the instruments in boQiag 
water. It has been found that at whatever time or place the instrumento 
are immersed in pure water, when boiling, provided the barometer stands at 
the height of thirty inches, the mercury wfll always rise in each to a oertain 
height This, therefore, forms another fixed pdnt on the scale, and is called 
the boiling point 

Thus far all thermometers are constructed alike. In the 
Siermomete^^ thermometer moet generally used, and which is known as 
of Fahrmheit FahrenheiVs, the intervals on the scale, between the freezing 
^ ^ and boiling pomtSi are divided into 180 equal parts. This 
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Fia. 203. 



tween the dif- 
ferent varietieB 
of the ther- 
momettf 1 




division is similarlj oontinued below the teessmg point to 
the place 0, called zero, and each division upward fix>m that 
is marked with the successive numbers 1, 2, 3, eta The 
freezing point will now be the 32d division, and the boiling 
point will be the 212th division. These divisions are called 
degrees, and t^ie boiling point will therefore be 212^, and the 
freezmg temperature, 32<^. Fig. 203 represents the usual fittm 
of thermometer, with its graduated scale. 

Thermometers of this character are ccdled Fahrenheit's^ 
from a Dutch philosophical instrument-maker who first intro- 
duced this method of graduation in the jeax 1724. 

What other ^37. Ill addition to Fahrenheit's 

b^Tpiw. thermometer, two others are ex- 
heit*s are used? tcnsively uscd, which are known 
as Beaumur's, and the Centigrade thermom- 
eter, or thermometer of Celsius. 
What oonsti- The only difference between these three 
ferenc?^* be^ ^^^ ^^ thermometers is the difference m 
graduating the interval between the freezing 
and boiling points of water. Beaumur's is di- 
vided into eighty degrees, the Centigrade into 
one hundred, and Fahrenheit's into one hundred and eighty. 
According to Reaumur, water freezes at 0^, and boils at 80® ; 
according to Centigrade, it freezes at 0®, and boils at 100® ; 
and according to Fahrenheit, it freezes at 32®, and boils at 
212®; the last, very singularly, commences oountmg, not 
at the freezing point, but 32® below it 

The differ^ioe between these 
instruments can be easUy seen 
by reference to Fig. 204. 

In England, Holland, and the 
United States, the thermometer 
most generally used is Fah* 
renheit'& Beaumur's scale is osed in Oer^ 
many, and the Centigrade in France, Sweden, 
and some other parts of Europe. The scale 
of the Gen1%rBde is by &r the sunplest and 
most rational method of graduation, and at the 
present it is almost universally adopted for 
sdentiflc purposes. 

638. The thermometer was invented about 
the year 1600; but, like many other inven- 
tions, the merit of its discovery is not to be 
asoribed to one peraoD, but to be distributed 
among many. 
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How ii cold of ^^^* "^ *^® temperature is lowered, the mercory in Fah- 
great Intend^ renhelt's thermometer gradually sinks, until it reaches a point 
fndioated t gg© below zero, where it freezes. Mercury, therefore, can not 

be made available for measuring cold of a greater intensity. This difficulty 
is, however, obviated by using a thermometer filled with alcohol colored red, 
as this fluid, when pure, never fi'eezes, but will continue to sink lower and 
lower in the tube as the oold increases. Such a thermometer is called a 
q)irit thermometer. 

B iMh i t ^^^* ^ ^ Fahrenheit's thermometer be heated, the mercury 
great intenaltj contained in it will rise in the tube until it reaches 660^, at 
measored? which temperature it begins to boil. A slight adcfitional heat 

forms vapor suffident to burst the tube. Mercury, therefore, can not be used 
to measure degrees of heat of greater intensity than 660^ F. Temperatures 
greater than this are determined by means of the expansion of solids ; and 
iostroments founded upon this principle are commonly called pyrometerB. 



Fio. 205. 




EzpUIn the 
oonstmctlon of 
the pTTometer. 



FlQ. 206. 



The construction of the pyrometer is represented fai Fig. 
206. A represents a metallic bar, fixed at one end, B, but 
left free at the other, and in contact with the end of a pointer 
£, moving freely over a graduated scale. If the bar be heated by the flame 
of alooh<^ the metal expands, and pressing upon the end of the pointer, moves 
it, in a greater or lees d^ree. In this manner, the effect of heat, applied fiwr 
a given length of time, to bars of different metals, having the same length and 
diameter, may be determined. 
.^^ 541. The first thermometer 

air-thermome- Used consisted of a column of 
*" ' air confined in a glass tube over 

colored water. Heat expands the air and in- 
creases the length of the column downward, 
pushing the water before it: cold produces a 
contrary effect. The temperature is thus indi- 
cated by the height at which the water is ele- 
vated in the tube. Fig. 206 represents the prin- 
ciple of the construction of the air-thermometer. 




Does a fher- 
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A thermometer does not inform us how much heat any sub- 
mometer "In- Stance contains, but it merely points out the difference in the 
mndi 'beat**! temperature of two or more substances. AH we learn by the 
substanM con- thermometer is whether the temperature of one body is greater 
^^^'^^ or less than that of another; and if there is a differenoei it is 

expressed numerically — namely, by the degrees of the thermometer. It must 
be remembered that these degrees are part of an arbitraiy scale, selected ibr 
conyenience, without any reference whatever to the actual quantity of heal 
present in bodies. 

Alter fbe ex- 5^2. The first cffect produced by heat upon 
Mttte St he^ solids is ezpaosioiL If the heat be augmented, 
Sfii**^oi they change their aggregate state and melt, 
■•"^' or become liquid. Many solids become soft 

before melting, so that they may be kneaded ; for instance, 
wax, glass, and iron. la this position, glass can be bent . 
and molded with facility, and iron can be forged or welded. 
whmtisLiqa^. ^3. By Liqucfaction we understand the 
********' conversion of a solid into a liquid by the 
agency of heat, as solid ice is converted into water by the 
heat of the sun. 

Heat is supposed to convert a solid into a liquid, by forcing its constituent 
particles asunder to such an extent that the force of cohesion is overcome or 
destroyed. 

wh»t ifl Sola- 644. When a solid is immersed in a liquid, 
***^' and gradually disappears in it, the process 
is termed solution, and not liquefaction. A solution is 
the result of an attraction or affinity between a solid and 
a fluid ; and when a solid disappears in a liquid, if the 
compound exhibits perfect transparency, we have an ex- 
ample of a perfect solution. 

Whenifl sol . ^^^^^ & ^^^ ^&8 dissolved as much of a solid as it is 
tion said to bo Capable of doing, It is said to be saturated ; or, in other words, 
"•*"'**•** the aflftnity or attraction of the fluid for the solid continues to 

operate to a certain point, where it is overbalanced by the cohesion of the 
solid; it then ceases, and the fluid is said to be satoiated. 
„ . A solution is a complete union; a mixture is a mere me- 

■oiution dUhf chanical union of bodies. 

hnm^ a mix. j^ j^^^ ^j^g^ ^^ addition of heat to a liquid greatly in- 
creases its solvent properties. Hot water will dissolve much 
iQore sugar thaq cold water; and hot water will also diaaplve many thingfi 
wlach cold water is unable to aflbct 
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What to y*. ^^' If ^^^^ ^ imparted in sufficient quan- 
portoationr ^j^-y ^ ^ ]^^ ^ ^ Uquld State, it will pass into 

a state of vapor. Thus, water being heated sufficiently 
will pass into the form of steam. This change is called 
Vaporization. 

wkst II coA. ^^' If A hoij in a state of vapor lose heat 
denwtioiit Jq sufficient quantity, it will pass into a liquid 
state. Thus, if a certain quantity of heat be abstracted 
from steam, it will become water. This change is caUed 
Condensation. 

The change from a stale of rapor to a fiquid is termed condensation, be- 
cause^ in 80 dnng, the body always ondergoes a yeiyconsideiable diminutioa 
of ycdume^ and therefore becomes condensed. Most solids become liquefied 
before they vaporize ; but some pass at once, on the application of heat^ from 
the state of a solid to that of a vapor, without assuming the liquid condition. 

547. The melting of a solid, or its conver- 
i^^'traiperml gion luto a liquid, only occurs when the solid 
forthr?oniut. is heated up to a certain fixed point ; but the 
ttoDof Taponr cQnversion of a liquid into a vapor takes place 
at all temperatures. 

If in a hot day we expose a vessel filled with cold water to the open air» 
we find that the quantity of water rapidly diminishes, that is, it evaporates^ 
which means that it is converted into vapor and diffused through the air. 

What to fhfl 548. The vapor of water, and all other va- 
appwnaee of p^j^ ^y^ invisiblc and transparent. The water 
which has become diffused through the air by 
evaporation only becomes visible when, on returning to its 
fluid a>ndition, it forms mist, cloud, dew, or frost. 

Steam, which is the vapor of bdling water, is invisible, but when it oomea 
in contact with air, which is cooler, it becomes condensed into small dropsy 
and is thus rendered visible. 

The proof of this may be found in examining the steam as it issues firom 
an orifice, or the spout of a boiling kettle : for a short space next to the open- 
ii^ no steam can be seen, suice the air is not able to condense it; but as it 
epreads and comes hi contact with a larger volume of air, the hivisible vapor 
becomes condensed into drops, and is thus rendered visible. 

The visible matter popiUarly called steam, should be, therefore^ distin- 
gnished firom steam proper, or the aeriform state of water. The cloud, or 
smoke-like matter observed, is really not an air or vapor at all, but a coUeo- 
tion of minute bubbles of water, wafi^ed by a current either of true steam, oi; 
more frequently, of mere moist us. 
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The mjriads of minute giobules of water into which the steam is condensed 
are separately invisible to the naked eye, but each, nevertheless, reflects a 
minute ray of white light The multitude of these reflecting points, there- 
fore, make the space through which they are diffused appear like a cloudy 
body, more or less white, acceding to their abundance. 

The Bui&oe of any watery liquid, whose temperature is 
about 20^ warmer than any superincumbent air, rapidly gives 
off true steam. It is not necessary, therefore, for the produc* 
tion of steam, that water should be raised to the boiling tem- 
perature. 

549. Air without vapor (theoretically called 
diy air) is not known to exist in nature^ and is 
probably not producible by art. 

650. Liquids in passing into vapors occupy 
a much greater space than the substances from 
which they are produced. Water, in pass- 
ing from its point of greatest density into 
steamy expands to nearly 1700 times its volume. 

Fig. 20*7 represents the comparative 
volume of water and steam. 

Is the density 551. Vapors are 
for^r of aU degrees of 

density. The va- 
por of water may be as thin as 
air, or almost as dense as water. 

The opinicm formerly prevailed that va- 
pors could not exist by themselves as 
Buch, but that they were dissolved in the 
air in the same way as salt is dissolved m 
water. The ^llacy of this idea is proved 
by the &ct that evaporation goes on more 
rapidly in a vacuum, where no substance whatever is present, than in the 
air. 

What dnma- 552. Evaporation takes place from the sur- 
^STU^^' &ces of bodies only, and is influenced in a 
**^' great degree by the temperature, dryness, still- 

ness, and density of the atmosphere. 

How^doestem- "^® effect of temperature in promoting evaporation may be 
peratare infla- illustrated by placing an equal quantity of water in two sau- 
£2l •^P**'^ cers, one of which is placed in a warm and dry, and the other 
in a cold and damp, situation. The former will be quite dry 
belbre the latter has suffered an appreciable diminution. 
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Hov doM Uw When water is ooyered by a Btratum of diy air, the erapo- 
■tete of the air ration is rapid, even when its temperature is low ; whereas it 
l^iueQee evap- g^^^g ^^ ^^^ slowly if the atmosphere contains much vapor, 
even though the air be very warm. 

Evaporation is far slower in still air than in a current The air imme* 
diately in contact with the water soon becomes moist, and thus a chedc ia 
pat to evaporation. But if the air be removed by wind torn the soi&ce of 
the water as soon as it has become charged with vc^r, and ltd plaM 
sappUed with fresh air, then the evaporation continues on without hitob 
ruption. 

Evaporation is by no means confined to the nn&oe of Mqiiids; but takes 
p3aoe from the aoHboe of the soil, and from all animal and vegetable produe- 
tkxifl. Bvf^[>oration takes place to a very considerable extent from the sur- 
&oe of snow and ice, even when the temperature of the air is far below the 
freezing point 

Whftt A imr ^^^' '^ ^^^ singQlar drcumstanoe is connected with the 
dKomsUnee diffusion of vapors throughout the atmosphere, viz. : that the 
wltk ttie^dMh^ '^^'H?*^ ^ ^ bodies arise into any space filled with air, in 
Mono/TapoM? the same manner as if air were not present, the two fluids 
seeming to be independent of each other. 

Thus as much vi^r of water can be forced into a vessel filled with air as 
into one fhun whieh the air has boon exhausted. 

iIm ^^ When a drop of water fiUls upon a BUrfiw» highly 
phenomena of heated, as Of metal, it will be observed to roll along the sur- 
i!l**irtaW^of ^^ without adhering, or fanmediately passing into vapor, 
liquids. The explanation of this is, that the drop of water does not in 

reality toudi the heated sor&ce, but is buoyed up and sup- 
ported on a layer of vapor which intervenes between the bottom of the drop 
and the hot surfiu^ This vapor is produced by the heat which is radiated 
Srom the hot substance, before the Kquid can come in contact with it^ and 
being constantly renewed, continues to support the drop. The drop generally 
rolls because the current of air which is always passing over a heated sur- 
face drives it forward. The drop evaporates slowly, beeause tiie layer of 
vapor between the hot surfiice and the liquid prevents the rapid transBBis- 
sion of heat The liquid resting upon a cushion of steam continually evolteA 
fix>m its lower sur&ce by heat, assumes a rounded, or globular ahape^ aa tfas 
result of the gravity of its particles toward its own center. 

The designation which has been given to the condition whidi water and 
other liquids assume when dropped upon very hot surfiboea, is that of tLa 
*^ spheroidal state.** 

If the surface upon which the liquid rests is cooled down to such an ex- 
tent that vapor is not generated rapidly, and in sufficient quantity to sup- 
port the drop, it will come in contact with the surface, and heat being eom- 
municated by conduction, will transform it instantly into steam. 

This is the explanation of the practice adopted by laundresses of tonobing 
a flat-iron with moistqre \o ascertain whether the surface ia sufficiently hot 
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If the tempentore of the iron is not elenited sofBdentlj, the moiBtoie weti 
the 8ui&oe, and is eyaporated; but at a highef degree of temperatttra, tbs 
moisture is repelled. 

The phenomenon of the spheroidal condition of water ftimlshes an ezplaa»> 
ticHi of the feats often performed by* jugglers, of plunging the hands witii Im* 
punity into molten lead, or iron. Hie hand is moistened, and when passed 
into Uie liquid metal the moisture is vaporiaaed, and interposes between tlis 
metal and tiie skm a sheath of vapor. In its oonyefsioQ into TspOt tli* 
moisture absorbs heat, and thus still further protects the sidn. 

. wiut to ebui. 5^. When a liquid is heated snfficiently Id 
ji iittonf fofin steam, the production of vapor takes 
place principally at that part "where the heat enters ; and 
wheii the heating takes place not from above, but from 
* the bottom and sides, the steam as it is produced rises in 
bubbles through the liquid, and produces the phenomenon 
of boiling, or ebullition. 

wiMt to um ^5G. The temperature at which vapor rises 
boiiingpoint? ^j^j^ sufficient freedom to cause the phenome- 
non of ebullition, is called the boiling point. 
u tti« boiuiig 557. Different liquids boil at different tem- 
Kluq'Sidif^ peratures. The boiling point of a liquid is, 
■•~' therefore, one of its distinctive characters. 

Thus water, under ordinary cinnimstanoes, begins to boil when it is heated 
up to 2120 F.; alodiolat 11^^; ether at 96«; ijrup at 22lO; Imseed ofl 
«t640^ 

whMt to rim- ^^ gentle tremor, or undulation, on the surfiioe of water 
■isringt which precedes boiling, and which is termed " simmering,*' it 
owing to the collapse of the bubbles of steam as they shoot 
upward and. are condensed by the colder water. The first bubbles which 
fcrm are not steam, but air which the heat expels from the water. As the 
temperature of the whole mass oi the water increases, the bubbles are n« 
kmger condensed and ooUapaed, but rise through to the sur&ce* and the 
' saoment that this takes place boiling commences. The singing of a tea-kettle 
be&xe boiling is occasioned by the irregular escape of the air and steam ex- 
pelled from the water through the spout of the tea-kettlOi which acts in tht 
manner of a wind-instrument in produohig a sound. 

How doM fha **®* Liquids, in general, being boiled hi open Tcssels, u% 
pwmwofthe subjected to the pressure of the atmosphere. The tenden<7 
ffBetttSflMSfav ^ **"■ pressure is to prevent and retard the partides of 
of Uqnidsr water from expandmg to a sufficient extent to form steam. 

Hence if the pressure of the atmosphere varies, as it does at 
different limes and places, or if it be increased or diminished by artificial 
^ the boiling point of a liquid will undergo a corresponding change. 
11 
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Hoir mm tbe ^^^' ^ '^ Moend into the atmosphere the piemire is di- 
ttrnpomSffttat mimshed, because there is less of it above ns; it therefoce 
bi!a^b«^vMa follows, that water at different heights in the atnoospheie will 

fir III! Ill boll at difEbient temperatures, and it has been found hy ob- 

tagdmOoMt avmtioii, that an elevation of 560 feet above tfieleirel of the 
■efteanse* a diflteeooe of one degiee in its boiling point Hnoe the boiliDg 
poini ofwster beoomeean indication of the heigfal of anj station abova the 
tea-level, or in other woids^ an indication oftiie atmosphorio prMsnn; and 
thus by means of a kettle of bolUng water and a thennometar, the heii^ of 
Hie sommit of any momitain may be asoertained with a great degree of. ao- 
onracy. If the water boOs at 211<' by the thermometer, tiie height of the 
place is 660 feet ; if at 210o, the height is 1100 feet, and so on, it beu^only 
necessary to multiply 660 by the number of degrees on the thennometer 
between tlie actual boiling pomt and 2120, to ascertain the elevation. Intbe 
cifyofQqita^ hi Sontii America, water boDs at 1940 S^'F.; its height abovn 
the sea-levd is^ therefore, 9,641 feet 

As wto descend mtomines^ the pressure of the atmoqthere is increased, there 
beiqg more of it above as than at the surfeoe of the earth. Waler, therefore^' 
most be heated to a higher temperature before it will boil, andit has been 
found that a descent of 660 ibe^ as befers^ makes a diifiarenoe of one degreeu 
Hov «n the 600. In a like manner, if by artificial means we faMsnase or 
boiUng poini dimfaiish the pressure of the atmoepheie on the sur&oe of a 
£aM64 uti! liquid, we change its boiHng point If water be heated hi a 
itii^ff vacuum, ebullition win commence at a pomt 140^ fewer than 

in the open air. Ifa vessel of ether be placed under the re« 
ceiver of an air-punqi^ and the atmospheric pressure removed from its surfeoo, 
the vapor rises so abundantly that ebulhtion is produced without any in- 
crease of temperature. 

Vow Is mctf Beversl beautiftd applications in the arts have been made 
boii«d ia the of the principle that hquids boil at a lower temperature when 
CSy ^ '*' freed from the preosure of the atmosphere than m the open 
air. 

In the refining of sugar, if the tjnjp is boiled in the open air, the tempera- 
tore of the boifiog point is so hig^ tiiat portions of the sugar become decom* 
posed by the excess of heat^ and lost or mjured; the ^yiup is therefore boiled 
in dose veeseUi from which the air has beoi previously exhausted, and in this 
w^ the water of the synq> may be evaporated at a temperature so low as to 
prevent aQ. iojuiy from heat 

For cooking, this application could not be earned out The water mighty 
Indeed, be made to boil at a temperature much less than 212°, butowing to 
its dimhiished heat would not produce the desired effiwt 
iVhAttodifttu 5&L Distillation is a process bj which one 

"•**"' body is separated from another by means of 
heat, in cases where one of the bodies assumes the form 
of vapor at a lower temperature than the other ; this first 
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rises in the form of vapor, and is received and condensed 
in a separate vesseL 

By this means reij volatile bodies can be easfly separated from less vola- 
tile ones; as brandj and alcohol from the leas volatile water which may be 
miZBd with theok Water of extreme pori^ can also be obtained by distil- 
kition, because the non-vdatile and earthy sabstanoes oontamed in all spiing 
waters do not ascend with the vapor, but remain behind in the vessel 

BistillatioQ upon a small 
scale is effected by means 
of a peculiar-shaped vessel, 
(ealled a retort, ilg. 208, 
which is half filled with a 
volatile liquid and heated ; 
the steam, as it forms^ 
passes through the neck of 
the retort into a glass re- 
ceiver set into a vessel filled 
with edld water, and is then 
ooodensed. 

Wben theopeiationof distillatioaisoonducted onan extensive scale, a large 




Fig. 209. 



veaselcalled a ** ^HF* is used, and, for con- 
densing the vapor, vats are constructed, 
holding serpentine pipes, or '^wmrms^" 
whidi present a greater condensing sur- 
Ikoe than if the pipe had passed directly 
throo^thevat. To keep the ooil of pipe 
cool, the vats are kept filled with cold 
water. In Fig. 209, a is a furnace, in wfaidi 
is fixed a 0(^>per vessel, or still, to contain 
the liquid. Heat bdng applied, the steam 
rises in the head, 5, and passes through 
the worm, d^ whidi is placed in a vessel 
of water, the refrigerator. The vapor 
tiins generated is condensed in its passage, and passes out as a liquid by the 
external pipe into a recover. 

What ifl th ^^ differonoe between drying by heat and distiUation is, 

diflereoee be- that in one case, the substance vi^rized, being of no use, is 
S^^eat'^S f^ow^ to esoape or become dissipated in the atmosphere; 




if while in the other, b^g the valuable part, it is caught and 
condensed into the liquid form. The vapor arising fixNH damp linen, if caught 
and condensed woidd be distilled water ; the vapor given out by bread while 
baking, would, if ooUected, be a qorit like that obtained in the distillation of 
grain. 

What iB BubU- ^^^' '^ "^^^ substances, by the application of heat, pass 
directly fi:om the solid condition to the state of vapor, so some 
substances, as camphor, sulphur, arsenic, eta, when vaporized 
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fegr hm%, deporit tbeir ooiid0ii8ed Tspon in m solid ftrm. Tbte piooMB to 
tenned BublimatioiL 

TrtaAinmaxk. 5^3. Odo of the most remarkable circam- 
IteMtt^Ss stances which accompaDj the phenomeDa, 
"i^^SS^^ l>oth of Uqaefaction and Taporization, is the 
disappearance of the heat which has effected 
the change. 

Hov amy tiiifl ^^ If •thflrmometer be applied to a mass k^sdow, orioe 
pclD0ipi«b«il. jnat upon the point of meltiiig, it will be Iband to Btand at 
Iwmtadt 3joy, If the ice be plaoed in a veaBel over a fire, and the 

lamperatare tealed at the monent it has entirely melted, the water produced 
wiU hare onlf the temperatore of 39^ the aame ai that dt the original See. 
Hea^ hewv^er, during the whole proeeBs of melting, has been paasiDg rapidly 
into the reiMl ftom the Are, and if a quantify of mercury, or a solid of the 
■ame lize^ had been exposed to ttie same amdont of heat, it would have eon- 
stantlj mcrsased in temperatimt. It is dear, therefore, that the conyerBion of 
ioe^ a asKd, into water, a llqaU, has hestt attended witti a ifisappearanoe of heat 

Again : if one pound of water, haying a tomperatore of l*f 19, be mixed with 
ene poond of snow at 33^, we shall obtain two pounds of water, having • 
temperature of S3^ AH the heat, therefine, which was contained in the 
hot water Is no longer to be detected by the thermometer, it liaYing been en- 
tivelj used up^ or disposed of in oonyerting snow at 33^ mto water at 32o. 
Such disappearances ahrays occur wheneyer a solid is oonyerted hito a liquid. 

I( howerer, a pound of water at 33^, instead (^ ioe at the same tempera* 
ture^ had been mixed with a pound of water at 174^, we shall obtain two 
pounds at 103®, a temperature exactly intermediate between the tempersturea 
of the oomponents But if the pound at 32® had been soUd instead of liquid^ 
then tiie mixture, aa before explained, would hcye had a temperatore of 32^. 
It is evident, therefore^ that it is the process ofliqneftcti on , and it alone, which 
rmders latent or msensible all tiiat heat wfaieh is sensiUe idiea thepoood 
ofwaterat32«isHquid. 

Ho a fh In the same maimer heat ^Bsappean when a liquid is oon* 

abmfctoB Si yerted into a yapor. The absorption of heat^ in this instance^ 
!Sl!Son bTraSl ™"^ ^ ^•■^y rendered peroeptiUe to the feeUngs by pouring 
4efed airidMitt a iew dropn of some liquid whidi readily eyaporates, sndi aa 
ether, alcohol, ete^ upon the hand. A sensatian of cold is immediately ex« 
perienoed, because the hand is deprived of heat, whidi is drawn away to elfeet 
the evaporation of the liquid. On the same principle, inflammation and foveiw 
ish heat in the head may be aUajed by bathing the temples with Odiogne 
water, alcohol, vinegar, et& 

If we surround the bulb of a thermometer loosely with cotton, and thea 
moisten the latter with ether, thetheimometerwiU speedily foil several degrees. 

Why can not '^•*®'' ^^^^ P^«<^ "* • ^®®*^ ®^®' * ^ gradually at- 
iTftter Impart teins the boiling temperature, or 212^ ; but afterward, how. 
IlU^^bStt^ ^^ mu<^ ve may increase the fire, it beoomea no hotter, all 
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the heatwUoh is added eerring only to conyerl the w»ler al 21S^fiQm» 
liquid condition into steam, or vapor, at 212^. 

564. If we immeTBd a thermometer In boiling water, it 
know thAt^ stands at 212^ ; if we place it in steam immediately above i^ 
is^bottar thui ** indicates the same temperature. We know, however, that 
vAier at flM Steam contains more heat than boilhig water, because if we 



^(fttonpva- mix an oonos of water at 213^ With five and ft half oonces of 
water at 32^, we obtain six and a half oonoes of water at a 
temperature of about 60<>; bat if we mix an omUse of steam at 212« with five 
ti^id ft half oonoes of water at 32^, we obtain six and a half ounces of water a* 
212<>» The steam, from which the increased heat is all derihred, contains as 
naucfa more heat than the ounce of water at the same temperature, aa would 
be necessary to raise six and a half ounces of water from the temperature of 
60O to 212^, or aix and a half times as mudi heat as would be requisite to 
raiae one ounoe of water thtOQ|^ about 162^ of temperature. This quanti^ 
of heat will, therefore^ be imnd by multit^ying 162^ by six and a hal( 
whioh will give a product of 983^<— the excess of heat contained in an 
ounce oi steam at 212^ over that contained in aa ounce of boiliiig water at 
tlie same tenqientufe. 

Whftt becomes ^^' ^ ^® conversion of solids mto liquids, and liquids into 
of the heat vapoTB by heat, we may suppose the heat, tilie solid, and tiie 
pe^'ra In Bqae^ Bquid to have respectively comfomed together ;^fbrming a 
iSrttoD MidTa- lt<pud in the one oase^ and a vapor in the other. A liquid, 
porication? thereiore, may be regarded as a compound of a solid and 
heat, and a vapor as a ocMnpound of heat and the liquid from wfak^ it was 
Ibrraed. The heat which disappears in these oombinaticms is ^sailed Latent, 
or OoKFomiD Hkat. 

Wbst are ^'^ ftbsQVption of heat consequent on the converaon of 

fteeslni^ wAm* soHds Into Bquids, has been taken advantage of in the arts for 
tnxmi fi^ production of artificial ooH ; and the compounds of d^ 

fcMQt aubataaoea whieh are made ihr thia puipose^ are called ^vesfaig mix- 
tures 

Why doee flie ^^ °^*'^ aunple freezing mixture is snow and salt Salt 
miKiwe eT 4i88olved in water would ocoaskm a reduction of temperature, 
JSXm tat^ but when the diemioal relatk>n8 of two solids are such, that 
cddr on mixing, both are rendered liquid, a still greater degree of 

cold is produced. Such a relation exists between salt and snow, or ice, and 
therefore the latter anbstances are used in preference to water. When the 
two are mixed, the aah canaes ibe snow to melt by reason of its attraction 
for water, and the water formed diastdves the sah : so that both pass fit»m 
the solid to the liquid condition. If the operation ia so conducted that no 
heat is supplied fltmi any external aouroe, it follows tiiat the heat absorbed 
in Kqpie&ction must be obtained from the salt and snow which comprise the 
mixture, and they must therefore suffer a depression of temperature proper* 
tlonal to the heat whwfa is rendered latent 
In thia wi^ ft degree of cold eqoai to 40^ below tito freezing point of 
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Boir gfmt » WBlir may be obtained. The appliotion of this experimeBl 
degree of ooid to the freezing of ioe-creams is fiuniliar to alL 

can be obtain. . . *» j i i. • .j ^ ti_ 

•d by trw^kag B J munog mow utd flulphunc acad together m proper pro- 

">iJ^^<>'e*^ portiODfly A temperatuie of 90^ beknr »io can be obtained 

without diiBcal^. 

WbTte thealr '^^ air in the tpring of the year, when the ioe and aiow 

U qictag mU are thawing^ ia alwaya pecoiiarlj oold and chilly. Thiaisdiie 

•ndehiUyr to the oonatant absorption of heat from the air I7 the ioe and 

■DOW in their traoaitiaa fronr a st^ to a Uqaid atste. 

_^ AshowerofrainooobtheairinaammerybecanaetheeaTfk 

AowrtaMmi. and the air both part with their beat to promote evaporatioik 

M eooi Om Ib a like manner, the qxinkling oC a hot room witii water 

00^ it. 
Why to tk« The draining of a country hicreases its warmth, ainoe bf 
•■"^ ^ * witiKlrawing the water, eyapomition ia dimimslwd, and leia 
^SuS^ by^ heat is sabtraoted from the earth. 

dninios^ The danger arising fix>m wet feet a&d dothes is owfaig to 

Why d« wsi theabaorption of heat from the body hy the eTapoiation from 
^oi" clothes thesuiihcesofthewetmateriala; the tompeniture<^ the body 
the heaiSnif ^ vi this way reduced below its natural standard, and the 
•^ l»o*y ' proper drcolation of the blood inteirupted. 

66a The abeorption of heat in the process by wbldi fiqidds 
tt!i^T«Mei"oon> ^*^ con^rted into yapor, will explain why a vessel containing 
tfttning weter a U<|aid that is constantly exposed to the action of fire, can 
arad«!to«7edt never receive sooh a den^M of heal as woidd destroy it A 

tin kettte containing water may be exposed to the anslion of 
the most fierce fiimaoe, and remain uninjured ; but if it be exposed, wfthont 
containing water, to the most moderato fire, it will soon be destroyed. The 
heat whidi the fire imparts to the ketMe containing water is immediately alK 
sorbed by the steam into which llie water is converted. 80 long as water is 
contained in the vessel, this absorption of heat will contmue; but if any ptft 
of the vessel not contammg water be exposed to the fire^ the metal will bo 
fiised, and tim vend destroyed. 

667. When vapors arecondenfled into liq- 
drameteneee olds, and liquids ate changed into solids, the 
b^^ eearf. latent heat contained in them is set free^ or 
made sensible. 

If water be taken into an apartment whoae temperature is several degresa 
bebw the freesing pointy and allowed to congeal, it will render the room aen- . 
sibly warmer. It is, therefore, in accordance with this prindple that tubs of 
water are allowed to freeze in cellars in order to prevent excessive cokL 

It is from thiscause that oceans, seas, and other large collections of water 
are most powerfol agente in equalizing the temperatore of the inhabited parte 
of the globe. In the colder regions, every ton of water converted into ice 
«tvea out and diffbses in the snrroonding regfon as much heat as would 
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ndsG t ton of water fiom 32« to 174o ; and, <m l&e other hand, when a riso 
of temperatore takes plaoe, the thawing of the ice abflortw a like quantity of 
beat: tiins, in the one case, supplying heat to the atmosf^ere when tiie tenk> 
pevtttore fiOls; and, in the other, abscvlnng heatfromit when the temperataro 



In the winter, the weather generally moderates on the &]1 of snow; i 
is froeen water, and in its fonnatioii heat is imparted to the atmosphere^ and 
Us tenqterotore increased. 

Steam, on aooomit of the latent heal il contahifl, is weB 
]^^^j|ji^^*^ adapted for the warmii^^ of bailding8» or for cooking. Im 
■Idi^ed^ for paasfaig through a Une of IRp6i^ or tfaroagh meat and veget^ 
g^^ and ues, it is condensed, and imparts to the adjohiing sutfoces 
neaily 1000° of the latent heat wfaieh it oootained beibre 
oondrasation. 

Steam bwas much more severely than boiling water, for the reason that 
the heat it imparts to any sur&ce upon which it is oondensed is much greater 
than that of boBing water. 

iBtiieqiutnii^ ^^- ^U bodies ooiitam incoorpoiated with 
^JSt toe *^®°^ ^^^ ^^ ^®88 of heat ; hut equal weights 
••^^ of dissimilar suhstances, having the same sen- 

flifale temperature, contaia unequal quantities of heat 

H fUa Thusif we place a pound of water and a pound of mercury 

- ^ over a fire, it will be found that the merouiy will attain toany 



■ftratedt ^yen temperature much quicker than the water. Or if we 

perform tiie ocmTerae of this experimmit, and take two equal quantities of 
merouiy and water, and having heated them to the same degree of tempen^ 
tore, aflow them to cool freely in the air, it will be found that the water will 
require much more time to cool down to a common temperature than the 
mercury. The water obviously contains more heat at the elevated tempera- 
ture than the mercury, and therefore requires a longer time to cod. 
Wbaft lc tin ^^^' Dissimilar substances require, respectively^ different 
MMofaig of th« quantities oi heat to raise their temperatures one degree ; and 
*2Jf 'P*"^^ the quantity of heat neoeesaiy to prodwje this effect upon a 
body is termed its specific heat In like manner, the weight 
wluch a body includes under a given volume, is termed its specific gravity. 

What binder- ^'^^' ^ s^hstance is said to have a greater 
•lood byo»p«>- or less capacity for heat, accorfling as a greater 
*^^ or less quantity of heat is required to produce 

a definite change of temperature, or an elevation of tem- 
perature of one degree. 

does the ^ general, the capacity of bodies for heat decreases with 

eapMlt^ for heat their density. Thus mercury has a less capacity for heat than 

^^SSwj?' ^^*®'^» because its density is greater. Au- that is rarefied, or 

thin, has a greater capacity for heat than dense air. This 
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) win exptain, in part, tfie reaaoa of the rvj low ten^Miataras 
iHiicheztel at gieateleyatioiis in the atmosphere. Persons asoen^ high 
mofmtainay or m baUoons^ find that the oold increases with the elevation. 
The raason c€ Ihia ii^ that at the air €(xpMMlB and beoooM ranOed, its <^^ 
ity for heat is greatljr uiereased, and it therefore abeorfas ite own 



_l^^^ . ^. Ihanqaartemof theg^obe^ titetempefatareof theairata 

ttidi or pMw osrtain hfliglil is ledooed so W by its larefoction, thait water 
r*^"^^ can not exist hi a liquid state. This Ihrnt^ tiie height ct 
nhidi varisii^ being the most elevfltod at tiie eqaotor, and the most depreoied 
«t the poiesy is oaUed tiie Sne of Fbkpitual Sirow.* 

Air fordblf expelled ihmi the month foelsoocd; in tiiis tostaace ttie cold is 
doe to ft sadden expansion of the air, by which its d^ncity for heat is in- 



Thecspadlj for heat also inaeases with the tempsntora. Thnsit i e qu l i u s 
a greater amocrnt of heat to elevate the tempentnre of platinnm from 313^ to 
918« than flmn 82« to 830. 

Of att known bodjes^ waiter has the gre at e s t ciyaoHy for heat 

There are sereial dilftrent ways by means of whidi the ca* 

«^^^ to P^^ ^ ^^^^^^ ^ ^'^'^ ™*y ^ determmed. One method 
best fai 4Ubr. oonsMs in indosing equal weights of difieront bodies heated 
SUm^iSTt ^ ^® "^® temperatore, in dosed cavities m a bloc^ of iee^ 
and measormg the re^ective quantitieB of water wfaidi the/ 
produce bj melting the ioe. 

The same resoh may also be obtained by what is caDed the method of mlz- 
tores. Thus, if we mix 1 pocrnd <^ mercury at 66^ with 1 pound of water at 
82^, the common temperature will be 33^. Here the mercury loses 33^ and 
the water gains 1^; that is to say, the 33^ of the mercury only elevates Hie 
water 1^, therefore the capacily of water for heat is 33 tunes that of mercury ; 
or, if we call the capacity or spedfie heat of water 1, then the capacity or 
specific heat of mercury will be l-33d or .0303. 

In this way the capadties for heat 6t a great number of bodies has been 
determined, and tables constructed in which they are recorded. In tbeee 
tables water is taken as the unit of comparison. 

All vapon are elastic, like air. 
dutteifcjrof tJ The tendency of vapors to expand is iinlim- 
^**' ited ; that is to say, the smallest quantity df 

vapor will diffuse itself through every part of a vacant 
space, be its size what it may, exercising a greater or less 
degree of force against any obstacle which may have a 
tendency to restrain it. 

* The line of perpetiul raoir at the equator oeenni at a height of about 16,000 feet; al 
«be Stralta of Ma^Bllatt, tt oeenn at an eleyatkni of only 4,000 feat 
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The force with which a vapor expands is called its elastic 
force, or tension. 

The elasticity or pressnie ai vwpon is beat fllustrated in the case of steam, 
which may be coDodeeed as the type of all yi^xwb. 

When a quantity of pure ateam is confined in a dose vessel, 
nsr te the dftsl ^ elastic foice will exert on eveiy part of the interior of the 
*j8|o«»oJ Tessel a certain pressure directed oatward, having a tendency 

to burst the veaseL 
What is fha When steam is generated in an open vessel its elastic itorce 
■te^ l^ed ^^^ ^ ^^ ^ ^^ elastic force or pressure of the atmos- 
fe,w>opeiiT«to* phere; otfaeiwise the pressure of the air wxmM prevent it ih>m 
"^ fofmiog and rising. Steam, therefore, preduoed from boiling wa- 

ter at 212^ F., is capable of exerting a pressure of 15 pounds upon eveiy square 
ioBh of snr&ce, or one ton on every square foot, a force equivalent to the 
pressure of the atmosphere. 

„ .. If water be boiled under a diminiidied pressure, and there- 

elastic force of fore at a lower temperature, the ste^km wbich is produeed from 
CTeafi«d*or S- ^ '^^ ^*^® * pressure which is diminished in an equal de- 
mtniahedr gree. I^ on the contraiy, the pressure under which water 

boils be mcreased, the boiling temperature of the water and 
tbe pressure of the steam formed will be increased in a like proportion. We 
^ve, tiberef<»e^ the following rule :~ 

To irhat ii the 571. Stcam raised from water, boiling under 
rt^^'So^a^ ^^7 given pressure, has an elasticity always 
*^"^' equal to the pressure under which the water 

boib. 

HoTT is Steam 8tea» ^ » ^^ elastic foroe can only be made in dose ves- 
of high elastic sels, or botlers. The water in a steam-boiler, in the first in- 
force generated r fs^j^QQ^ jjoilg at 212**, but the steam thus generated being 
' prevented from escaping, presses on the surface of the water equally ais on 
the snr&ce of tiie boiler, tuid therefore the boiling point of the water becomes 
higher and higher ; or in other words, the water has to grow constantly hot- 
ter, in order that ihe steam may form. The steam thus formed has the same 
temperature as the water which produces it 

... ^ The temperature of the water in woridng steam-boikra is 
tent can water slways much greater than 212^. It should also be borne in 
ier pr^reT ""^^ *^** '^^^ ^ subjected to sufficient pressure, can be 
heated to any extent without boiling. There is no hrait to 
the degree to which water may be heated, provided the vessel is strong 
enough to confine the vapor ; but the expansive force of steam is so enormous 
under these drcumstances, as to overcome the greatest resistance which has 
ever been exerted upon it 

If a boiler, containing water thus overheated many degrees beycMid the 
bailing pdnt, be suddenly opened, add the steam allowed to expand, th«^ 

11 
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whole water is immediatolj blown out of the yeflKl as a mist by tiio steam 
formed at the same instant throughoat every part of the mass. To use a 
common expression, " tlie water flashes into steam/* 

To trb«t ex- St©«n, like water, may be heated to any extent when con- 
tent ean eteuB fined and prevented from expanding with the increase of 
dtf mmnr temperature ; in some of the methods lately introduced for 
purifying oils, etc, the temperature of the steam, before its 
tpplication, is required to be sufficiently elevated to enable it to melt lead. 

Whaitosiipeiw 512. Steam which has been heated in a 
heated steamf jjeparate State to a high degree of temperatnro 
tinder pressnre, is known as *^ Snperheated Steam/' In 
this condition its mechanical and chemical powers are 
wonderfully increased. 

In the mannfarture of Isrd on an extensive scale the carcass of the wh<^ 
hog is exposed to the action of steam at very high pressure^ this acting upon 
the mass of flesh and bones, breaks up and reduces the whole to a &t 
fluid maas. Ordinary steam, under the same ciicumstanoe^ would dissolve 
nothing. 

Steam has also been recently applied to the carbonization of wood. For . 
this purpose ordinary steam is conducted through red hot pipes, whereby it 
attains a very high degree of temperature. It is then allowed to pass into a 
vessel containing wood intended to be converted into charcoal The heated 
steam, penetrating into the pores of the wood, drives oft the volatile portions, 
the water, the tar, eta, and leaves the pure carbon alone behind. 

What It High. ^'73. Steam generated by water boiling at a 
prenorasieemf y^^j high tcmpcratnte, is known as High- 
pressure Steam. By this term we mean steam condensed, 
not by withdrawal of heat, but by pressure, just as high* 
pressure air is merely condensed air. To obtain a double, 
triple, or greater pressure of steam, we must have twice, 
thrice, or more steam under the same volume. 
What reiatkm 574. The sum of the sensible heat of any 
^^Sii^aZ ^por, and the latent heat contained in it, is 
uteotheeif always the same. 

It is an established &ct that the heat absorbed by vaporization is always 
less the higher the temperature at which this vaporization takes plaoe^ and 
Just in proportion also as vapor or steam indicates a lower temperature by the 
thermometer, it contains more latent heat Thus, if water boils at 312^, the 
heat absorbed in vaporization will be less by 100° than if it boiled at 212®, 
And again, if water be boiled under a diminished pressure at 112®, the heat 
absorbed in vaporization will be 100« more than the heat absorbed by watef 
ix>iled at 2120. 
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SECTION IV. 

What is a ^*75. The Steam-Engine is a mechanical 
Btoam-Enginef contiivance by which coal, wood, or other 
fuel, is rendered capable of executing any kind of labor.* 

Howmachme. '^^ flubatanoe which fumishea the means of calling the 
cbaninl force powers of coal mto activity is water ; two ounces of coal, with 
l^t£?cSmb^ * V^P^^ arrangement will evaporate about one pint of watei? 
thm of tiro this will produce 216 gallons of steam, wfaidi can exert a 
•imoei of ooal? mechanical fOToe equivalent to raising a weight of 37 tons to 
the height of one foot 

It has been found by experiment that the greatest amount 
force of • mmn of force which a man can exert when applying his strength to 
S*"Sroe ^c? *^ *^^^ advantage through the help of machinery, is equal to 
emted by the elevating one and a half millions of ponnds to the height of 
combnstioa of ^^ f^ ^y working on a teeadmiU continuously for eight 

hours. A well-constructed steam-engine will perform the 
same labor with an expenditure of a pound and a half of coal 
„ ^ . The average power of an able-bodied man during his active 

iseqniraleotto hfe, supposing hmi to work for twenty years at the rate of 
^e slower *S ®^* ^^"'* ^ ^^' ^ represented by an equivalent of about 
• nan? four tons of coal, since the tonsumption of that amount will 

evolve in a steam-engine, ftilly as much mechanical force. 
The great pyramid of Egypt is five hundred feet high, and weighs twelve 
thousand seven hundred and sixty millions of pounds* Herodotus states that 
in constructing it one hundred thousand men were constantly employed for 
twenty years. At the present time, with the consumption of 480 tons of 
coal, all the materials could be raised to their present position from the 
ground in comparatively littie time. 

What ii the '^^ greatest work ever known to have been performed by 
greatest unount A steam-engine, was to raise sixty thousand tons of water a 
aeoompttshed'^ foot high with the expenditure of one bushel of coal. This 
by a steam- work was accomplished by one of the engines employed in 
•"^^^^ the mines <tf OomwaU, England. 

* *^Ooalf are bytt made to spin, weave, dye, print, and dress silks, eottons, woolem 
and otiier eloths; to make paper, and print books upon it when made; to eomrart oom 
Into floor; to express oil from the olive, and wine from the grape; to draw np metals 
lirom the bowels of the earth; to pound and smelt it; to melt and mold it; to roll it 
and Cuhlon it Into every deriraUe form ; to transport these manifold products of its o#n 
labor to the doors of those for whose convenience they are produced ; to carry persons and 
goods over the waters of rivers, lakes, seas, and oceans, in opposition alike to the natural 
difficulties of wind and water ; to carry the wind-bound ship out of port, to place her on 
the open deep, ready to commence her voyage ; to transport over the surface d the sea 
and the land, persons and information from town to town, and firom ooantry to oountry, 
Mth a speed as much exeeeding the ordinary wind, as the ordinary wind exceeds that of 
a pedestrian.**~-IrardfMr. 
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H«ir li rtaoB 576. Steam is rendered useftil for mechaa- 
fo rmcdu migg ical purposes simply by its pressure^ or elastic 
*"*"'" force. 

Steam can not, like wind and water, be made to act adTantageooal^ lay its 



inasio. 




impulae in the open air, because the mom^itam of so 
light a fluid, nnlen generated in vast quantities, wonld 
be inoonsiderabla The first attempts, howeyer, to 
employ steam as a moving power, consisted in direct* 
ing a current of steam from the monili of a tubeagainat 
the floats or vanes of a revolving wheel 

A machine of this kind, invented mors than 2,000 
years ago by Hero of Alexsodria^ is represented in 
ilg. 210. It consists of a small hollow sphere, fiav 
nished with arms at r%ht angles to its aziSb and whoas 
ends are bent in oppoate direotioDflL Hie sphere 
is suspended between two columns, bent and pointed 
at their extremities, as represented in Hie tgare : one 
of these is hollow, and oonvtiys steam from the boiler 
below, into the sphere; and the esciq»e of the vapor 
from the small tubes, by the reaction, produces a rotary motion. 

In order to render the pressure of steam practically availa- 
ble in machinery, it is necessary that it should be confined 
within a cavity which is air-tight, and so constructed that its 
dimensions or capacity can be enlarged or diminished without 
impairing its tightness. When the steam enters such a ves- 
sel, its elastic force pressing against some movaMe part, causes 
it to recede before it^ and from this movable part moticai is communicated to 
madiinery. 

^ The practical arrangement by which such a FiQ, 211. 

conditions at- result is accomplished is by havmg a hollow 
***°^' cylinder, A B, Fig. 211, with a movable piston, 

B, accurately fitted to its cavity. When steam under pressure B 
in a boiler is admitted into the cylinder below the piston, it ^ 
expands, and acting upon the under sur&ce of the piston, 
causes it to rise, lifting the piston-rod along with it 

Suppose, as in Fig. 212, the cylinder to be oonnersted at the 
bottom or side with a pipe, B, opening into a steam boiler, and 
on the other side with a pipe, B, terminatiBg in a vessel of 
cold water. Suppose the valve in R to be open, and that 
in 6 to be shut; steam then passing into the cylinder from 
the boiler will force the piston up to the top of the cylinder. 
Let the valve in B then be shut, and the valve in B be 
opened; tiie steam contained in the cylinder will pass out ' 
of the pipe B, and coming in contact with cold water, in 
the vessel connected with it, will be condensed, and a vacuum (bnn« 
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Fn». 312. braeath the piston. Hie pnamue of 

the atiiioiq[)bere then acdng upon the 
other side of the piston, will drive 
it down. The position of the yalres 
in B and B being reyereed, the piston 
maj be raised anew hy the admis- 
sion of more steam, to be condensed 
in its turn, and in this manner the 
alternate motion maj be continued 
indefinitely. The alternating, or re- 
ciprocating motion of the pislon, is 
oonverted, hy means of a lever and crank attached to the top of the pis- 
ton-rod, into a fotarj motion, suitable ibr driving-wheels, shafts^ and other 
machinery, » 

Bocb an arrmgement as described constituted the first practical steam- 
englno. It received the name of the atmospheric engine, fixnn the fiiet that 
the pt«Bsnre of the atmosphere was employed to press down the piston after 
it had been elevated by the steam. 

57 1. In modem engines, the pressure of the atmosphere is 
not employed to drive the piston down. The steam is ad- 
mitted into the cylinder above the piston, at the same time 
that it is condensed or withdrawn fiY>m below, and thus 
exerts its expansive force in the returning as well as in the 
ascending stroke. 

TMa results in a great increase of power. By the condensation or with- 
drawal of the steam, a vacuum is created below the piston, and the steam 
admitted into the cylinder above the piston, forces it through the vacuum 
with an ease and ra^Hdity far greater than would be pos^ble if atmospheric 
or other resistance were to be overcome.* 

The withdrawal or condensation of the steam, in order to produce a vacmmi 
eitiier above or below the piston, is accomplished by opening at the proper 
time a communication between the cylinder and a strong vessel situated at a 
distance from it, called the condenser. Into this vessel a Jet of cold water is 
thrown. Which instantiy condenses the steam, escaping irom the bottom of the 
cylinder, into water. 
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* ** A proof of fhe eztraordinaiy power obtained in fhia way, through the oomhnttloB 
of fiiel, to preaented in the foDowing catealationa :->One enUc inoh of water to oonverti. 
ble into iteam, of one atraoepheric prewmre by 1(H grains of eoal, and thte ezpuiiion of 
the water into steam to capable of rai^ng a weight of one ton the height of a foot Th« 
one caMc inch of water becomes rery nearly one cubic foot of steam, or 1 J28 cubic inches. 
When a Tacunm to produced by the condensation of this steam, a piston of one squara 
inch Bttrikce, that may have been lifted 1,728 inches, or 144 feet, wfil faU with a Telocity of a 
heavy body rushing by gravity down a perpendicutor height of 1B,600 feet Thto would 
give the falling body a velocity, at the termination of its descent equal to 1,800 feet per 
second, greater than that of the transn\^8sion of sound. From this we can form some 
estimate of the strength of the tempest which alternately blows the piston in its cylinder, 
when dastto steam of high-pressure to amployed."— iVv/. H, D, Ro^». 
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A iteMn-engine of this clianeter is called a oondeittiilgvtten-eiigine, be- 
oMue the steam which has been 6mpl()yed hi Tsto i pg -of de priwwi i y the pistoa 
18 oondeosed, after il has aeoompliBhed its ckied, leaying a TBcanm above or 
below the piston. It is also caUed a low-preesore eiighie, becanae^ on a(v 
comit of the Taomim whidi Is produoed altenatdj above and below the 
piston, the steam, in acting, does not expend anj force in overcoming ths 
pressure of the atmosphere. Steam, therefore, maj be used under such condi? 
tions of low expansive foroe^ or, as it is tedmicalljcaUed, of ''kyw-pressarei" 

The practioal oonstmction of the 
piston and cyfinder, and the aiw Fig. 213. 

rangement of cooneoCing pipes hf 
which the steam is admitted ahei^ 
natolj above and below the piston, 
is fiiUj shown in Fig. 213. The 
valves, wiiidi are of varioQsforms^ 
are connected bj levers with the 
machinerj, in sooh a way as to 
open and dose with great ao- 
cnracj at exactly the proper mo* 
ment 

WhrntUiaWgh- ^}^' ^ ««^ 

preMKir* en- ei^mes, the appa^ 

*^^ ratus for condens- 

ing the steam alternately above 
or below the inston, is dispensed 
with, and the steam, after it has 
moved the piston ftom one end of 
the cylinder to the other, is al- 
lowed to escape, by the opening of 
a valve, directly into the air. To 
accomplish this, it is evident that 
the steam must have an elastic 
force greater than the pressure of 
the atmosphere, or it could not 
expand and drive out the wasto 
steam on the other side of the piston, in opposition to the pressure of the air. 
An engine of this character is aooordingly termed a "high-pressure*' engine. 

High-pressure engines are generally woriced with a pressure oi torn fifty 
to sixty pounds per square inch of the piston ; of this pressure, at least fifteea 
pounds must be expended in overcoming the pressure of the atmosphere, and 
the surplus only can be applied to drive machinery. 

One of the most &miliar examples of a high pressure engine is the loco- 
motive used on railroads. The steam which has been employed in forcing the 
piston m one direction is, by the return movement of the piston, forced out of 
the cylinder into the smoke-pipe^ and escapes into the open air with irr^pilar 
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HIgh-pfeflsiird engines sre generallj' med in aH flttantLoos 
vrhme aimpHci^ and ligfatneflB are required, as in the case of 
the locomoiive; also in sitiuitions where a fiee supplj of 
water for condensation can not ba readily obtained. As thej 
nse steam at a much hi^ier pressure than the condensing en> 
gines, they are more liable to aoddents arising from explosions. Higfa-preflB> 
ure engines are lees ezpennye than low-pressure, since all the apparatus &r 
oondensfa^Xhe steam is dispensed with, tibie only parts necessary being the 
boQe% cylinder, piston, and valyes. 

When ifl iieara ^^^* ^^ ^ ^^^ neoessaiy in liie steam-engine that lh» steam 
■aid to be oBed Should flow continuously from the boiler into liie cylinder 
ezpaiudvelyr during the whole movement of the piston, but it may be cut 
off before it has folly completed its ascent <»r descent in 1^ ^Bnder. The 
steam already in the cylinder immediately expands, and eompietes the move- 
ment already begun, ^us saving a considerable quantity of steam at each 
morement Steam employed m this way is said to be used expansiv<^y. 

To carry out this plan to the best advantage^ the 
expanave force of the steam must be greatly in* 
creased by working it under a high pressure. 
„ , ^. 680. In many engines the supply ' 

tion of iteam. cf Steam to the cynnder is regu* 
ktod?* '**^" ^*®^ ^^ '^ apparatus called the 
Governor. This consists, as is rep- 
resented in Fig. 214, of two heavy balls, C and CK, 
connected by jconted rods, D D', with a revolving 
axis. A. When the axis is made to revolve rap- 
idly, the centrifugal ibroe tends to make the balls 
divei^ or separate from one another in the same 
manner as the two legs of a tongs will fly apart 
when whirled round by the top. This divergence 
draws down the jointed rods, but a slower motion of the axis causes the 
balls, on the contrary, to approach each other, and thus push them np. 
These movements of the jointed rods in turn raise or lower the end of a bar, 
E, which acts as a lever, and moves a valve which increases or diminishes the 
quantity of steam admitted from the boilers into the cylinder— thus preserv- 
iug the motion of the engine uniform. 

In stationary engines, also, a large and heavy fly-wheel is often used, which 
by its momentum causes the machinery to move uninterruptedly, even if the 
pressure of steam be less at one point than at another* 

* Fig. 815 iUoflteatei the principal parts of a oondeDdng ateam-englBe and Its mode of 
action. 

Upon Uw left «r the figntels ttie ejrilnder, wMcH Meefves the steam from the boiler. 
A part of the side «f the cylinder to cut away In order to show the piston, which moves 
allemateij npand down according as fhe steam to admitted above or below it By the 
Nd A the ptoton tnnmilts its alternating movementa to the walking-beam, L, which to an 
enorroons lerer accurately balanced on its center, and supported by ftrar eolnmns. The 
walking-bflam, L, communicates its motion by means of a oonnectlng-rod, I, to ttieerank. 




256 WELLM KAtrUftAIr PHtLOSOPHT. 




681. Steam-boflers, which, although necessary to the generation of the 
power, are quite independent of the engine, are constructed of thick sheets 
of iron or copper, strongly riveted together. 

X,krwhldiarotM7iiM^r«nmtto«oiiiiMmlMted toUwiwIiMl^Yt timm ftto «ht po«« 
bMj be applied by other wheels, or hy bands and pulleys* to eflbet difBannt operatioai. 

At the left of the CTiinder is an arrangement of Talres and pipes, by vUflii the stean Is 
aUowed to aet alternately abore and below the piston. Aft«r the steam has eompleted its 
action by foretng the pMon to the extremity of the eyifnder. tt is neeessary that it shonld 
pe withdrawn, and a Tacnnm formed in its place. In order to aceompUdi ttis, ttesteaai, 
after having acted, is caused to pass into the cylinder, O, which contains cold water, and 
is termed the oondenier. Here it is eondensed, and a vacunm formed la the cylinder 
above or below the piston, as the case may be. 

As the eold water of the condenser becomes qniekly heated br ^e eeode ni s d steam 
withdrawn f^^om the cylinder, it becomes necessary to constantly wKhdmw the hot water 
and replace it by cold water, in order that tte condensation of the steam may tak» plam 
as rapidly as possible^ This is effected by means of two pumps ; the one, F M. wfaldb Is 
called the ** air-pnmp,** which withdraws the hot water from the condenser, and wlA it 
any air that may be present either in the cylinder or the condenser: the other, H &• 
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What an the ^® euential reqnifliteB of a steam-boner are, that it ahonld 
emential req- poflsecB sulBcient sti^ngth to resist the greatest praflsoTO whksh 
•tMm^boiler?^ is ever liable to occur from the expasurioii of the steam, and 
that it shoold offer a siilBcient «zteiit of sOT&oe to the fire 
to insure the requisite aoHHint of mporusatioii. In oommon low- p ressure 
boilers, it requirea about eight square feet of surlhoe of the boiler to be ex* 
posed to the action of the fire and flame to boil off a cubic foot of water in an 
hour; and a cubic foot of water in itB».oonvertion into steam equals one- 
horse power. 

The strongest fonn for a boiler, and one of the earliest which was used, la 
that of & sphere; but this form is the one which offers least surfooe to the 
fire. The figure of a cjlinder is on many aooounts the best, and is now ex- 
tensiyely used, espedaUj for en^pnes of hlgfa-|ffeaBure. It has the adTantage 
of being easily constructed from sheets of metal, and the form is of equal 
strength except ait the coda In such a boiler the ends should be made 
thidctt than the other parts. 

caned the ^cold-water pomp,** drawt froma w«il or rlTtr flie edid waltr to tspplj the 
place of tlie lieated water withdrawn from the eondeneer hj llie air-ptiinp^ Then is also 
a third pnmp, O Q, wUefa Is eaUed the ■* snpplT** or " liBed-pwnp,** heeanse it pompe faito 
the hotter the hot water whieh the tir-j^vaap wlihdimwa fron the condenser, thus econ- 
omizing the eonsumption of fact 

Tlie raiions parts of the engine (as shown In Fig. SIQ) are illnstnted In detail hy the 
following descrlptire explanation :— > 

A— Piston-rod oonneeted with llie walUng-heam, and transmitting to tt the alternating 
moTeneal of Uie piston. 

B, G, D, E-^Axrangements of lerers and Joints, intended to gnide sad preserre the pis- 
ton-rod A in a perfeeUy rectilinear track during its np-and-down moremenlSi 

F— Arm or rod of the alr-pnmp, which remores llie hoi water and air flross the con- 
denser. 

G— Bod of the ••snpplj'* or **liBed-fwnp,** which supplies to llie hoOer the hot water 
withdrawn from the condenser. 

H—Bod of the cold-water pnmp, whidi snpplles the eoM water neesMsry for con- 
densation. 

J— Conneeting-rod, which tnasmits tiie motion of the wa]]dng4)eain, L, to the ersnk, K 

)f-<;yiinder of the air-pump in communication with the condenser, O. 

O-Condenser filled with cold water, in which the stesm slier aetfaig npen the piston li 
condensed. 

P— Piston, moTahle la the eyfinder i It recdTcs direetlj the pressure of the sleam upon 
theupper and lower snrflwe eHerastsly, and tesa«lts itssMTsments hy means ef the red 
A to the net of tte madihiery. 

fl-Hpe conduding the hot water withdrawn ftwB the coodenssr to the hoOer. 

T— F^ dlsehargfaig the cold water firom the cold-water pnmp Into the condenskr, Oi 

U— PIpecondnctfaig the steam from Oie cylinder, slier tthes acted iqyon llie piston, Uite 

V— Fly-wheeL 

£-<]oDneetfaig.rod, which transmits the morements of the eeeentrle, e, threngfa the 
lerer, Y, to the Talyes, b. The eooentric is a wheel fixed upon the crsnk-shaft, as seen 
at «. It is called an eeeentrle from the circumstance of the wheel not being ooaoentrle, or 
having a common center with the crank-ehaA upon which It is flxed. It hee nm e e , there- 
ibre, a eubstitute for a short crank, and transmits a reciprocating movement to the rod 
Z, wldch is connected with the ralves at b by the lever Y. These valves being alternately 
•pened and eloeed by the movement of the rod Z, admit the steam alternately above er 
below ttie piston. 
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What ii fhe 
#uiiitfncti<wi of 
4 floe-boiler f 




l00QIB0tfT»> 

boUer? 



Pig. 217. 



A very greal ImproTement wm Fio. 216L 

effected in the cooBtractioii of eteam- 
boilera by plaemg a ^grlindrical fdi^ 
■eoe within a cyhndrioal boiler, thus ■unounding the 
heefeed enrfiwee with water open all sides. Bj this 
method, all the lieal, except what escapes up the 
shJBMiejry is commmiiealed to the water. Such boilers 
are known as " flue-boilers." Their general form and 
plan of oonstruotion are represented in Fig. 216. 
What are Ui '^^^ requirements of a boiler snit- 
pw»Uariiiwor able for a locomotiTe are, that 

the greatest poanble quantitf of water should be efapoi^ 
ated with the greatest rapidi^ in the least poariUe space. 
Thequantity ef fhel ooosumed is a aeoondary consideration, as this can be 
earned in a ssparate vehide. The piincip&e by which this has been aooom* 
plished, and the invention of which may be stud to have made the present 
railway system, consists in carrying the hot product of the fire through the 
water in numerous small parallel flues or tubes, thus dividing the heated 
matter, and as it were filtering it through the water to be heated. In this 
manner the surfiices, by which the water and the heating gases oommunlcste^ 
are immensely increased, the whoHib having a resemblance to the median- 

ism of the lungs of animals, in 
whidi the air and the Idood are 
divided and presented to eadi 
other at as many points^ and 
with as little intervening matter 
between them, as is consistent 
with their separation. Fig. 211 
represents the interior of tlie fire- 
box of a locomotive^ showing 
the opening of the tubee^ whidi 
extend through the whole length 
of the boiler, and are surrounded 
with water. The smoke and 
other products of oembufltkin pass 
throu^ these tobee, and finalbf 
escape up the smoke-pipe. It 
will be fiirtfaer obsOTved by tiie 
examination of the figure tiiat 
the fire-box is double-walled, or rather walled and roofed with a layer of 
water, leaving only the bottom racant, which receives the grate-bars. 
^^^ 682. The safety-valve is generally a conical lid fitted 

■afetj.vaiye.* faito llie boiler, and opening outward; it is kept down by a 
weii^t, acting on the end of a lever, equal to the pressure 
which the boiler is capable of sustaining without danger firom the steam 
generated within. If the amount of steam at any time exceeds the pressure^ 
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^ 218 ^ overoomea the reBifltBiioe of 

the weight, lifla the valve^ and 
allows tlie steam to escape. 
When sofiScieQt steam has, 
escaped to duninish the pres- 
sure^ the Tslve &Us bade hito 
its plsoei and the boikr is at 
tight as if it had no sadi openhig; 

Fig: 218 r^resents the ordinaiy oonstraction of the safety^TalTe. 
Hoir d0OT • ^®^* ^^ wcploflion of steam*boilen, when the safety-valut 
diminotioii of is m good oondltion and working order, is sometimes inex- 
S^^^' plicahle; but explosions oiten lesolt tnm the enghieer allow 
nidra •xyio- ing the water to become too tow hi the boilers. When this 
T°*^ oceans the parts of the boiler which are not covered wilii 

water, and are exposed to the fire, become highly overheated. I( m this 
Qoqdition, a fresh supply of water is thrown into the boiler, it comes suddenly 
mto contact with an intensely-heated metal surfiice, and an immense amount 
of steam, having great elastic foroe^ is at once generated. In this case the 
bmler may burst before the inertia of the safety-yalve is overcome, and the 
stroogw the bofler the greater the explosion. 

yf^g^ lg ^ 684. The degree of pressure which the steam exerts upon 
ateam-giuger the interior of the boiler, and which is consequently avail- 
able for woridng the engine^ is indicated by means of an instrument called 
the "steam" or "barometer-guage.'* It 
oDBAsts simply Gt a bent tube, A, 0, D, £io^ 219. 

B, Fig. 219, fitted into the boiler at one 
end, and open to the air at the other. 
The lower part of the bend of tile tube 
contains mercury, which, when the pres- 
sure of steam in the boiler is equal to 
that of the external atmosphere, will 
stand at the same level, H R, in both legs 
of the tube. When the preSBure of the 
steam is greater than that of the atmos- 
jiMTB^ the mercury is depressed m the 
leg G P, sod elevated in the leg E. 
sSale, 6-, is alttaohed to the long arm of 
the tube^ and by observmg the diiferenee 
of the levels of the mercuiy in the two 
tubes, the pressure of the steam may 
be calculated. Thus, when the mercury is at the same level hi both 
legs, the pressure of the steam balances the pressure of the atmosphere, 
and is therefore 16 pounds per square uiob. If the mereury stands 30 
ini*hes higher m the long snn of the tube, then the pressure of the steam 
Is equal to that of two atmospheres» or is 30 pounds to the square mch, and 
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„ ^. Aa tte ii r oMOf o of Bteam increaaei with Ha temperatore, the 

pniMTo of preww i re apon the interior of the boiler may also be known bj 

dSSted*by*°» m^ans of a thermometer inflerted into the boQer. Thus ithai 

jaMwaomZetf been aaoertained that steam at 212<^ balances the atmosphere, 

or exerts a pressure of 16 pounds per square inch ; at 250^, 

30 pounds ; at 216**^ 45 pounds ; at 294<>, 00 pounds, and ad on. 

^ .^ ^. 686. The steam-whistle attached to locomottye and other 

I>eierite the ^ 

r*ii r*-*-**? engines is produced by causing the steam to issue from • 

narrow oiroular dit, or aperture, cut in the rimof a metal cup; 
direoOy over this is suspended a bell, formed like the bdl of a dock. The 
steam escaping fitun the narrow aperture, strikes upon the edge or rim of tfaA 
b^n, and thus produces an exceedingly sharp and piercing sound. The msS 
c^the concentric part whence the steam escapes, and the depth <^ the bell 
part, and their distance asunder, regulate the tones of the whistle fiom a 
rfirill treble to a deep basfl. 



SKOTION V. 

WABMIKO AND VBNTILATIOV. 



Vpo* 
pnndi 



586. In the warming and ventilation of 

S^wrtLtog buildings, the entire process, whatever expe«* 
S^^'SdtoS d^®°*^ ™*y ^ adopted, is dependent upon the 
*^p«^' expansion and contraction of air ; or in other 

words, upon the fact that air which has been heated and 
ezpaiided ascends, and air which has been deprived of 
heat, or contracted, descends. 

What is Ten- 58T. Ventilation is the act or operation of 

tiuao&r causing air to pass through any place, for the 

purpose of expelling impure air and dissipating noxious 

vapors. 

The theoretical perfection of tentilation Is to render it impoaribto Ibr Any 
portion erf* air to be breathed twice in the same place. 
^^ 1. . In the open air, yentilation is perfect, because the brealh, at 
tiutioii perfeeif it leaves the body, is warmer and lighter tiian the sonoond' • 

ing fresh air, and ascending, is immediately replaced by an 
ingress of fresh air ready to be receiTed by the next respiration. 

Common ahr consists of a mixture of two gases, oxygen an4 
onoe nsplred nitrogen, in the proportion of one fifth oxygen to four fifths 
'"«**»«'^"»«* nitrogen. By all the forms of respiratfon or breathing, and 
of combustion, the quantity of oxygen in atmospheric air is diminished and 
impaired, and to exactiy the same extent is air rendered unwholesome and 
unsuitable to supply the wants of the animal system. 
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ft«H6 At \a re- 

8alre4««rhoiir 
7 a b«alCk7 



It is oalculotod that a fbU-gnywn penon of average size ab- 
sorbs about a cubic foot of oxygen per hour by respiration, 
and oonsequentlj renders five cubic feet of air unlit for breath- 
ing, since every five cubic feet of air contain one cubic foot of 
oxygen. It is also calculated that two wax or sperm candles 

absorb as mudi oxygen as an adult. 

: To rewier the air of a room perfectly pure, five cubic feet of fresh air per 

hoar, fi>r eadi person^ and two and a half cubic feet for eadi candle, should 

be aUowed to pass in, and an equal quantity to pass out 

In triut num. ^8. From evcrj heated substance, an np- 
jr*Si£Si^ ^^^^ current of air is continually rising. 



generate a cor. 
tofairr 




The existence and force of this upward current may be 

shown in the case of an ordinary stove, by attaching to the 

side of the pipe a wire on whigh a piece of thick paper cut in the form of a 

qpinJ is suspended, as is represented in Fig. 220. The ^iq, 220 

upward current of hot air striking against the sur&ces 

•f the coil causes it to revolve rapidly around the wire. 

--- . Apart from the consideration of con- 

Way are stoves . .^ . xi. x ^ j 

and grates venience, it IS necessary that stoves and 

g^ near tjlie grates, intended for warming, should be 
located as near to the floor of the room 

as posiible ; since the heat of a fire has very little ef- 
fect upon the air of an apartment below the level of 

the suifece upon which it is placed. 

_. . 589. When a fire is lighted in a stove 

smoke ascend or grate to warm a room, the smoke 

inachlmnejr and Other gaseous products of combus- 
tion, bemg lighter than the air of the rooniy 
ascend, and soon fill the chimney with a 
column of air lighter, bulk for bulk, than 
a column of atmospheric air. Such a col- 
umn, therefore, will have a buoyancy 
proportional to its relative lightness, as 
compared with the external air and the 
air of the apartment 

The upward tendency of a column of 
heated air constitutes the draft of a chim- 
ney, and this draft will be strong and eP 
fective just in the same proportion as the 
column of air in the chunney is kept 
warm. 

Fig. 221 represents a section of a grate 
and chimney. C D represents the light 
and warm column of air within the chim- 
ney, and A B the cold and heavy oolumn 
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of air ootaide the diimney. The oohmm A B being cold and heayj preiaea 
down, the o^nm D being Ught and warm rashes up, and the greater the 
diflforaDoe between the weight of these two oofamins, the greater will be the 
dnft 

A cfahnnej qaickens ttie ascent of hot air by keeping a long 
^tenerquif^- oolomn of it together. A oc^omn of two feet high rises, or is 
7 ^^V**"*2 pressed op^ with twice as mnch Ibroe as a odlunin of one 
Afa^nbuiuiar ftot, and SO fai proportkm fer aU other lengtii8H«* M two 
or more corto^ stnmg together and inmiersed in water, tend 
i|ywafd with pioportioiiabljr more force than a single ooric 

In a oinmnef idiere a oolmnn of hot air one foot in height is one ounee 
lighter than the same bulk of external ooM air, if the chimnej be one bun* 
dred feet high, 1^ air or smoke in it Is propelled upward with a force of one 
himdred ounces. 

Totriutigthe ^^ ^^^ ^^^ ^ Sufficiently hot, the draft of 
eu^ier^pi^ the chimney will be proportional to its length. 
vo'^^'"*^^ For this raMwn, the chimneys of large inaftafeotoring estab- 

lishments are generally yery high. 

Hoir thoou a A chimney should be constructed in such 
Mnnni^r* a way that the flue or passage will gradually 
contract from the bottom to the top, being widest at tfa^ 
bottom, and the smallest at the top. 

Why sboou * ^"^ reason of this win be evident from the following con- 
tUkmmaj Im sidenitioQs: — ^At the base of the diimney, the hot oolnmn of 
Su S^^ y* expanded air fflhi the entire passage; but as the hot ai)r 
ascends it gradually cools and contraots, occupying less space. 
li; therefore^ iiie chimney were of the same size all the wayup^ the tendency 
would be, that the cold external air would rush down to fill up the space left 
by the oontrsetion of the hot cohum <^ air. This aotkm would still fiirther 
eod the hot air of tiie chimney and diminish the draft. 

Some persons suppose that a chimney should be made larger at the top than 
ait the bottom, because a column of smoke ascending in the open air, ex- 
pands or increases in bulk as it goes up. This, however, ki owkig, in great 
part^ to the aotioa of currents in Ihe ak*, and to Ihe ilMst, that a column of 
smoke freely exposed to the air, is m<Mre rapidly cooled than in a chimney, 
and losing its ascensional power, tends to float out laterally, rather than 
ascend perpendicularly. 

Thecanacs of ** smoky chtameys*' are Tarioos. 
dnramsta^* A chfanney may smoke for want of a sufficient supply of 
wUi a ehimney air. If the apartment is very tight, fresh air from witiioot 
^"^'^^ wOl not be admitted as fost as it is consumed by the fire, and 

in consequence a current of air rushes down the chimney to sui^ly the defi- 
oiency, driving the smoke along with it 

A ohhnney will often smoke when the heat of the fire is not soiBdent to 
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rarefy all the air in the ohinmej ; in such caaes the ocAA air (oondeiued in the 
npper part of the flue) will sink from its own weight, and sweep the asoend- 
ing smoke back into the room. 

When the fire is first lighted, and the diimney is filled with oold air, there 
is dtten no draft, and oonsequentlj the flame and smoke issae into the roooL 
This, in most cases, is remedied hy the action of a " blower." 

A blower is a sheet of iron that stops up the qpace above 
«aeof aUowtf t ^® f^^ ^^^'^ '^^ preyents any air finm entering the diim- 
nej except that which passes throiigh the &iel and produces 
combustion. This soon causes the odumn of air in the chimney to beooioe 
heated, and a draft of considerable Tame is speedily produced through the 
fire. Theincreaseofdraftincreasestbeintensily of theflreu 

Another fiequent cause of smoky chimneys Is, that when the tops are 
conmianded by higher bmldings, or by a hill, the wind in blowing over them, 
fitUs like water over a dam, and beats down the smdca The remedy in such 
cases is, either to increase the height oi the chimney, or to fix a bonnet or 
cowl upon the top^ The philoeoi^y of this last contrivance consists in the &oit 
that in whatever Erection the Jtind bbws^ the mouth of the chimney is 
averted fi:om it 

wh^i ii «iM ^^ ^ '^"^ artificially heated, there are al- 
motton of the wajs two currents of air ; one of hot air flow- 
•rttiicuuy^ ing out of the room, and another of cold air 
flowing into the room. 

If a candle be held in the doorwi^ of much an apartmrnit^ near the floor, it 

will be fimnd that the flame will be blown inward; but if it be raised nearly 

to the top of the doorway, the flame will be blown outward. The warm ai^ 

ia this case, flows out at the top, while the cold air flows in at the bottom. 

„ . 590. An open fire*plaoe difi'ers gready torn a cfoee stove 

How doe« 4 . .... . 7 ^ J.. J. ■» 

stoTA differ m respect to ventilation, masmuoh as the fisrmer wanns aii4 

&nh»1i!m ^^ ventilates an apartment, while the latter only wamH, and ca» 
respeet to ven. hardly be said to o(»tribnte at all to the ventilation. In a 
^^^^^'^^ dose stove^ no air passes through the room to the flue of 

the dumney, except that which pasaea through the foel, and the quantity 
of this is necessarily limited by tiie rate of combustion maintained in the 
stova In an open flre^[)laoe^ a large amount of air is oontimiaUy rushing up 
the chimney through the opening over the grate^ irrespective of what passea 
through the flre and m<unfg.tp ff combustioD. 

In summer time, when no fire is made in the chimney, the column ot air 
in it is generally at a higher temperature than the external air, and a current 
will tberefiffe in such case be established up the chimney, so that the fire* 
place will still serve, even in the absence of fire, the purposes of ventilation. 
In very warm weather, however, when the external air is at a higher tem- 
perature than the air within the building, the effects are reversed ; and the 
air in the chimney being cooled, and therefore heavier than the external air, a 
downwaid current is established, which produces in the room theodor of soot 
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Fig. 222 rqyreBenta the lines of the coirenta desoend- Fro. 222. 

ing tbe chimney and circalnting round an apartment 

X room is well ventilated hj opening 
the npper sash of a window; because 
tbe hot Titiated air (which always a»- 
oends toward the ceiling) csn thus escape more easily. 
If the lower sssh of the window be also partially opened, 
a corresponding ounent of cold air, flowing into the 
room, Is c w at o d, and rentilatfon will be so effected mors 
peifeotly. 

WhyanoMB Open flre-plaoes a» ill adapted for the 
in-piMM fli economical heating of apartments, be- 
^ cause llieair which flows from the room 
to the flre becomes heated, and passes 
off directly into the diimney, without haying an oppor* 
tonity of parting with its heat ibr any nseflil purpose. 
In addition to thii^ a quantity of the air of the room, 
which has been wanned by radiation, is useleeriy carried 
away by the draft. 

The adTantages of a stove over an 
•AvaotegM aii4 ^^P^ flre-place are as follows : 
^adrantagea 1. Being detached fix>m the walls of { 

the room, the greater part of the heat 
produced by combustion is saved. Hie radiated heat 
being thrown into the waUs of the stove^ they become hot^ and in torn radi- 
ate heat on all sides of tbe room. The condooted heat is also received by 
snooesslve portions of the air of the room, which pass in contact with the 
stove. 

2. The air being made to pass through the fhel, a small supply is suffi- 
cient to keep up the combustion, so that little need be taken out of the 
room; and 

8. The smoke, hi passing off by a p^ parts with the greater part of its 
heat before it leaves the room. 

Houses wsrmed by stovei^ as a general rule, are ill-ventilated. The air 
coming in contact with the hot metal suiftoes is rendered impure^ which ioh 
purity is increased by the burning of the dust and other substances which 
settle upon the stove. The air is, In most cases also, kept so diy as to ren- 
der it oppressive. 

691. The method of warming houses by the common hot- 
air furnace is as follows: — Astove, having laige radiating sur- 
foces, ii indosed in a chamber (generally of masonry). This 
chamber Is frequently built with double walls, that It may be 
a bettor non-conductor of heat A current of air from with- 
out is brought by a pipe or box, and delivered under the stove. A part of 
this air is admitted to supply the combustion ; the rest passes upward in the 
oavity between the hot stove and the walls of the brick diamber, and, after 
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becoming thoroughly heated, is conducted through pawages in which its Ught- 
neiis causes it to ascend^ and be delivered in any apartment of the house. 
What two ^^ ^^^ construction and arrangement of a furnace (ot heat- 

points are of ing, the two points of special importance are^ to secure a per- 
S^i tSfSiSl ^^^ cx)mbustion of the fuel, and the best possible transmissioA 
Btruotlonof Air- of all the heat fbrmed, into the air that is to pass into the 
****** ' rooms of the house. 

The first of these requisites is obtained by having a good draft and a fire- 
box which is broad and shallow, ao that the coal shall Sana, a thin stratum 
lad bum most perfectly. 

The second requisite is obtained by providing a great quantity of surface 
Ni the form of pipes, drums, or cylinders, through which the smoke and hot 
gases must pass on their way to the chimney, and to which their heat will be 
imparted, to be in turn delivered to the cold and pure air of the rooms of 
the house. * 

What is th ^^^* '^^ tS^^^ advantages of heating by steam are, that 

advantage of the heat can be communicated for a great distance in any di- 
Jj^J^f ^^ rection — upward, downward, or horizontally. As the tern* 
perature of the heating sur&ces, when low-pressure steam is 
used, never exceeds 212^ F., the air in contact with them is never oontami* 
nated by the burning of dust, or the abstraction of oxygen. 

Under &vorable circumstances, one cubic foot of boiler will heat about 
two thousand cubic foot of suitably indosed space to a temperature of 16^ to 
SO* P. 

What is fuel t ^^^* ^® *PP^y *^® *^™^ ^^*®^ *^ ^^7 ®^^ 

stance which serves as aliment or food for fire. 
In ordinary language we mean by fuel the peculiar sub- 
stance of plants, or the products resulting from their de- 
composition, designated under the various names of wood, 
coal, &c. 

.^^ In recently cut wood, from one fifth to one half of its weight 

tlon ST^ Is water ; after wood has been dried in the air for ten or 
JMiSirt^^***^ twelve months, it will even then contdn (torn 16 to 26 per 
cent, of water. 
The amount of moisture in wood is greatest in the spring and summer, when 
the sap flows freely and the influence of vegetation is the greatest Wood, 
therefore, is generally cut in the winter, because at that season there is but 
little sap in the tissues, and the wood is drier than at any other period. 

^^ "Woods are designated as hard and soft This distinction is 
M^S^ni grounded upon the fhcihty with which they are worked, and 
bard and soft? ^pon their power of producing heat. Hard woods, as the 
oak, beech, walnut, elm, and alder, contain in the same bulk more solid fiber, 
and their vessels are narrower and more closely packed than those of the 
8ofi;er kinds, such as pine, larch, chestnut, etc. 

12 
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What Is tiw 594. The weight of wood yaries greatly ; 
wd^S^fwoodY fr^D^ forty-four hundred pounds in a cord of 
diy hickory, to twentynsix hundred in a cord 
of dry, soft maple. 

What ii Ilia 595. For fuel, the most valuable of the com- 
^toT^Md °*o^ kinds of wood are the varieties of hickory; 
forftaait ^^^ ^JjhIj^ Jj^ ordcr, the oak, the apple-tree, 

the white-ash, the dog-wood, and the beech. The woods 
that give out the least heat in burning are the white-pine, 
the white-birch, and the poplar. 

, .^ .^ „ 696w The remaik is sometiiDW made that *' it is economy to 

Is It mtmnDM , «,•.. «.i 1,*' 

to bum gNso bom green wood, becanae it is more durable, and theretbie 
wood? JQ |}^ ^Q^ m^jP3 cheap." This idea is erroneous. The oon- 

■nmptioa of gieea wood is less rapid than dry, but to produce a given amount 
of heat| a fiur greater amount of fiiel must be consumed. 

The eyiH[>oration of liquids, or their conversion into steam, consumes orren- 
den latent a great amount of caloric. When green wood or wet ooid is added 
to the Are, it abstracts from it by degrees a sufficient amount of heat to oon- 
▼ert its own sap or moisture into steam before it is capable of being burned. 
As long as any considerable part of this fluid remains uneyaponted, the 
combustion goes on slowly, the fire is dull, and the heat feeble. 
.^ ^ 59T. Coal and hard wood are not readily ignited by the 

and bard wooda blaze of a match, because on account of their density they are 
nite^^wi^ **' rendered comparatively good conductors, and thus cany oflf 
match r the heat of the kindling substance, so as to extinguish it, 

before they themselves become raised to the temperature 
necessary for combustion. 

Light Aiel, on the contrary, being a slow conductor of heat, kindles easily, 
and, fh>m the admixture of atmospheric air in its pores and crevices^ burns 
out rapidly, producing a comparatively temporary, though often strong heat 



CHAPTER IIII. 

METEOBOLOGY. 

What la lie- 598. Meteobologt is that department of 
**»*»'**''«y' physical science which treats of the atmos- 
phere and its phenomena, particularly in its relation to 
heat and moisture. 

599. By climate^ we mean the condition of a place in 
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,\\uA do we relation to the various phenomena of the at- 
tSm cikLto?* mosphere, as temperature, moisture, etc. Thus, 
we speak of a warm or cold climate, a moist 
or dry climate, etc. 

Hoir is fhe 600. The mean or average temperature of 
StaJlftf?5E5^ the day is found by observing the thermometer 
**""*^ at fixed intervals of time during the twenty- 

f )ur hours, and then dividing the sum of the tempera- 
tures by the number of observations. 

K t ti ^^m such a series of observations it has been found that 

Is the tempe- the lowest temperature of the day occurs shortly before sun- 

da^ehiffb^ rise, and the highest a few hours after 12 at noon, somewhat 

and loweett later in sommer and somewhat earlier in winter. 

The mean annual temperature of any par- 
ticular location is found by taking the average of all the 
mean daily temperatures throughout the year. 

The mean daily temperature of any place seems to vary in a reg^ular and 
constant manner, while the mean annual temperature of the same location is 
▼ery nearly a constant quantity. Thu% by long obserrations made in Phil- 
adelphia, it has been found that the mean daily temperature of that locality is 
one degree less than the temperature at 9 o'dodc, a. x., at the same place; 
while the mean annual temperature of Paris varied only 49 in thirteen years. 

All the results of observation seem to show that the same quantity of heat 
is always annually distributed over the earth's sur&ce, although unequally — 
that is to say, the average annual temperature of each place upon the earth's 
surface is very nearly the same. In our latitude, July is on the average the 
hottest month, and January the coldest ; and in reference to particular days^ 
we may on an average consider the 26th of July as the hottest, and the 14th 
of January as the coldest day of the year for the temperate zone of the north- 
em hemisphere. 

How does tern. ^^6 average annual temperature of the at- 
!ith*°the uK mosphere diminishes from the equator toward 
*°^' either pole. 

At the equator, in Brazil, the average annual temperature is 84^ Fahren- 
h^it's thermometer ; at Calcutta, lat 22^ 35' N., the annual temperature is 
*i8o P. ; at Savannah, lat 32° 6' N. the annual temperature is 65° F. ; at 
London, hi, 51° 31' K, the annual temperature is 50° F. ; at Melville 
Island, lat 74® AV K., the average annual temperature is 1° below zera 
Wh ii t th 601. If the whole surface of the earth were covered by 

tempentare of water, or if it were all formed of solid plane land, possessing 
inL'^'the ' nme everywhere the same character, and having an equal ca- 
utitade alike 1 padty at all places for absorbing and again radiating heat^ the 
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tomperature of a place would depend only on its geographical latitude, and 
consequently all places having the same latitude would have a like dimate. 
Owing, however, to various disturbing causes, such as the elevation and form 
of the land, the proximity of the sea, the direction of the winds, etc., places 
of the same latitude^ and comparatively near each other, have very diflferent 
temperatures. 

In warm climates the proximity of the sea tends to diminish the heat; in 
oold climates, to mitigate the cold. Islands and peninsulas are warmer than 
continents ; bays and inland seas also tend to raise the mean temperatureu 
Chains of mountains which ward off oold winds, augment the temperatm«; 
but mountains which ward off south and west winds, lower it A sandy soi^ 
which is dry, is warmer than a marshy soil, which is wet and subject to great 
evaporation. 

.602. Air absorbs moisture at all tempera- 

«siMujiworair tures, and retains it in an invisible state, 
form unt This power of the air is termed its capacity 
for absorption. 

The capacity of air for moisture increases with the tem- 
perature. 

A volume of air at 32^ can absorb an amount of moisture equal to the hun- 
dred and sixtieth part of its own weight, and for every 27 additional degrees 
of heat, the quantity of moisture it can absorb at 32^ is doubled. Thus a body 
of air at 32^ F. absorbs the 160th part of its own weight ; at 69<» F., the 80tb ; 
at 86<* F., the 40th ; at 113<> F., the 20th part of its own weight in moisture. 
It follows from this that while the temperature of the air advances in an arith- 
meticai series, its capacity for moiRture is accelerated in a geometriod series. 

When it air -^^^ ^^ ^^^ ^^ ^ Saturated with moisture 
iSId? **"**"" ^ben it contains as much of the vapor of water 
as it is capable of holding with a given tem- 
perature. 

We say that air is dry when water evaporates quickly, or any wetted sur* 
iaoe dries rapidly ; and that it is damp when moistened surfaces dry slow^*. 
or not at all, and the slightest diminution of temperature occasions a depoat 
of moisture in the form of mist and rain. These expressions do not, however, 
convey altogether a correct idea o£ the condition of the atmosphere, smoe air 
which we term " dry," may contain much more moisture than that which wo 
distinguish as " damp." For indicating the true condition of the atmosphere, 
in reference to moisture, we therefore use the terms " absolute" and " relative" 
humidity. 

When we speak of the absolute humidity of the air, we 
^fljMoiute&nd ^*v® reference to the quantity of moisture contained m a given 
mtattvv humid- volume. By relative humidity, we refer to its proximity to 

^ saturation. Relative humidity is a state dependent upon the 

mutual infiuenco of absolute humidity and temperature ; for a given volume 
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of air may be made to pass from a state c^ dampness to one of extreme diy- 
ness, by merely elevating its temperature, and this, too, without altering the 
amount of moisture it contains in the least degree. 

whakareKy. Instruments designed for measuring the 
grometeri? quantity of moisture contained in the atmos- 
phere, are called HYaROMBTERS.* 

P . . Many organic bodies have the property of absorbing vapor, 

prindpltt are and thus increasing their dimensions. Among such may be 
Muteti^^ mentioned hair, wood, whalebone, ivory, etc Any of these 
connected with a mechanical arrangement by which the 
change in volume might be registered, would furnish a hygrometer. 

A large sponge, if dipped in a solution of salt, potash, soda, or any other 
substance which has a strong attraction for water, and then squeessed almost 
dry, will, upon being balanced in a pair of scales suspended fix>m a steady 
support, be found to preponderate or ascend according to the relative damp- 
ness or dryness of the weather. 

The beard of the wild oat may also serve as a hygrometer, as it twists 
around, during atmospheric changes from dampness to dryness. 

If we fix against a wall a long piece of catgut, and hang a weight to the 
end of it, it will be observed, as the air becomes moist or dry, to alter in 
length ;^and by marking a scale, the two extremities of which are determined 
by obs^vation when the air is very dry, and when it is saturated with moist- 
ure, it will be found easy to measure the variations. 
D rib« th An instrument called the "Hair Hygrom- 

^Hair Hy- eter," IS constructed Upon this principle. It 
gvometer," consists of a human hair, fiurt^ned at one 

extrendty to a screw (see Fig. 223^ and at the other pass- 
kkg over a pulley, being strained tight by a silk thread and 
weight, also attached to the pulley. To the axis of the 
pulley an index is attached, which passes over a graduated 
scale, so that as the pulley turns, through the shortening or 
lengthening of the hair, the index moves. When the in- 
strument is in a damp atmosphere, the hair absorbs a con- 
siderable amount of vapor, and is thus made longer, while 
in dry air it becomes shorter; so that the index is of 
course turned alternately from one side to the other. 

The instrument is graduated by first i^acmg it in air ar- 
tificially made as dry as possible, and the pomt on the 
' scale at which the index stops' under these circumstances, 
is the point of greatest dr3me68, and is marked 0. The 
hygrometer is then placed in a confined space of air, which 
is completely saturated with vapor, and under these cir- 
cumstances the index moves to the other end of the scale : | 
this point, which is that of greatest moisture, is marked 

* Hygrometer, from the Greek wordi vypof (moltt) and furpnv (Bieasure). 
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100. The inteirening space is then divided into 100 equal parts, whidi 
indicate different degrees of moistore. . 
Such hygrometers are not, however, considered as altogether reliable. 

SECTION I. 

PHKNOMENA AND PBODUOTIOR OF DEW. 

What to Dew t ^^^' ^^^ ^^ *^® moisture of the air con- 
densed by coming in contact with bodies colder 
than itself. 

What ii th« 604- '^^ temperature at which the conden- 
Dew-BoiBtr sation of moisture in the atmosphere com- 
menceSy or the degree indicated by the thermometer at 
which dew begins to be deposited, is called the ^^ Dew- 
Point/' 

Is the dew- Tliis point is by no means constant Of invariable, sinoe dew 
point a eoD- is only deposited when the air is saturated with vapor, and 
■taot one? ^q amount of moisture required to saturate air of h^ tem- 

penture is much greater than air of low temperature. 

If the saturation be complete^ the least diminution of temperature is at- 
tended with the formation of dew ; but if the air is dry, a body must be 
several degrees colder before moisture is deposited on its surface; and indeed 
the drier the atmosphere, the greater will be the difference between the tem- 
perature and its dew-point 

Dew may be produced at any time by bringing a vessel of 
^SduSfon 'of ^^^ ^'^^^ ^*o * warm room. The sides of the vessel cool 
dew be ooca- the surrounding air to such an extent that it can no longer 
time? ^' ^^ retain all its vapor, or, in other words, the temperature <^^6 
air is reduced below the dew-point ; dew therefore forms upon 
the vessel A pitcher of water under such circumstances is vulgarly said to 
" sweat" 

In the same manner, moisture is deposited upon tiie windows of a heated 
apartment when the temperature of the external air is low enough to suffi- 
ciently cool the glass. 

1^ As soon as the sun has set in summer, and the earth is no 

formed in ram- longer receiving new supplies of heat, its surface begins to 
mer after nin. throw off the heat which it has accumulated during the day 
by radiation ; the air, however, does not radiate its heat, and, 
in consequence, the different objects upon the earth^s surfooe are soon cooled 
down from "7 to 25 degrees below the temperature of the air. The warm 
vapor of the air, commg in contact with these cool bodies, is condensed and 
p^'HJipitated as dew. 

(n a dear •ummer's nighty when dew is depositing, a thermometer laid 
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upon tbe graas, wiQ aixik nearly 20 degrees below one sospended in the «r 
at a little distance abova 

_ h t b. ^ bodies have not an equal capacity for radiating heat^ 
■tanoea is dew but some cool much more rapidly and perfectly than others, 
d^offlted moft Hence it follows, that with the same exposure, some bodies 
will be densely covered with dew, while others will remain 
perfectly dry. 

Grass, the leaves of trees, wood, etc., radiate heat very freely : but polished 
metals, smooth stones, and woolen cloth, part with their heat slowly: the 
former of these substances will therefore be completely drenched wiUi deW| 
while the latter, in the same situations, will be ahnost dry. 

The sur&oes of rocks and barren lands are so compact and hard, that they 
can neither absorb nor radiate mnch beat; and (as then* temperature varies 
but slightly) very little dew deposits upon them. Cultivated soOs^ on the 
contrary (being loose and porous) very freely radiate by night the heat which 
tiiey absorb by day; in consequence of which they are much cooled down, 
and plentifully condense the vapor of the air into dew. Sndi a condition 
of things is a remarkable evidence of design on the part of the Creatw, smce 
every plant and inch of land which needs the moisture of dew is adapted to 
ocfiflct it; bat not a smgle drop is wasted where its refreshing moisture is not 
leqTured. 

What drcu - ^^^' ^^ ** depofflted most freely upon a calm, dear nighty 
■tmroi iirihi- since under such circumstances heat radiates fitun the earth 
Soctio^of dew? ™^ freely, and is lost in space. On a cloudy night, on the 
contrary, the deposition of dew is almost entirely interrupted, 
since the lower sur&oes of the clouds turn back the rays of heat as they 
radiate, or pass off from the earth, and prevent their dispersion into space ; 
the Borface of the earth is not, therefore, cooled down sufficiently to chill the 
vapor of the air into dew. 

When the wind blows briskly, also, little or no dew is formed, since warm 
air is constantly brought into contact with solid bodies, and prevents their re- 
duction m temperature. 

Cm deir be ^^^ ^^ always formed upon the surface of 
^operiyiaidto ^j^^ material upon which it is found, and does 
not fall from the atmosphere. 

Other things being equal, dew is most abundant in situations most exposed, 
because the radiation of heat is not arrested by houses, trees, eta Little dew 
Ss ever observed in the streets of cities, because the objects are necessarily 
exposed to each other^s radiation, and an interchange <^ heat takes place^ 
which maintains them at a temperature uniform with the air. 
Does d f rm "^®^ rarely &lls upon the surfece of water, or upon ships 
upon the sur- in mid-ocean. The reason of this is, that whenever the 
£ue of water f aqueous particles at the surface are cooled, they become heavier 
than those below them, and sink, while wanner and lighter particles rise to 
the top. These, in their turn, become heavier, and descend; and this pro- 
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OMB, ooniiniiing throngfaoat the nigh^ maintains the flur&oe of the water and 
the air at nearly the eame temperature. 

Ahhoagh dew does not appear upon Aips in mid-ocean, it is freely depoa- 
iled on the mme v ooaol a arriving in the Ticinity of land. ThnSi nayigaton 
who proceed from the Straits of Sonda to the Ck>romandel ooafit, know that 
they are near the end of the voyage when they perceive the ropes, sails, and 
other objects placed on the dedc become mcistened with dew during tha 
nic^t 

The exposed parts of the human body an never covered with dew, beeanse 
ftie vital temperature, varying ftom 96^ to 98< F., effectually prevents a loss 
of heat sufficient for its deposition. 

Bow is produced most copiously in tropical countries, because there is in 
such latitudes the greatest difference between the temperature of the ^y and 
that of the night The development of vegetation is also greatest in tropical 
countries^ and a great part of tiie noctanud coding is due to the leaves which 
present to the sky an immense number of thin bodies, having large surface, 
well adapted to radiate heat 

Dew rardy ihlls upon the small islands of the Pacific; the reason is, ttiat 
the air over the vast ocean in which these islands are situated, preserves a 
nearly uniibrm temperature day and night The islands are comparatively 
of small extent^ and the stratum of air cooled by the contact of the soil is 
warmed by mixing with the air that is constantly reaching it from the sea. 
This prevents a depression of temperature in the air sufficient to cause a depo- 
sition of dew. 
wh»tLifrortf 606. Frost is frozen dew. 

When the temperature of the body upon which the dew is 
deposited smks below 32® F^ the moisture flreezes and assumes a solid form, 
constituting what is called **fro8V* 

Shrubs and low plants are more liable to be ii^ured by ttost than trees of 
a greater elevation, since the air contigxious to the surface of the ground is the 
most reduced in temperature. 

Why does a -^^ exceedingly thin covering of musKn, 
^toefc'^^ matting, etc., will prevent the deposition of 
Bwn^dew or ^q^ q^ f^Qg^ upon an object, since it prevents 
the radiation of heat, and a consequent cool- 
ing sufficient to occasion the production of either dew or 
frost. 

Fig. 324, in which the arrows indicate the movements of heat, and the 
numerals the temperatures of the earth and air under difibrent circumstances, 
will render the explanations of tlie phenomena of dew and frost more in- 
telligible. 

The figures m the middle of the diagram represent the temperature of the air 
at a dUrtaace fiiom the surfhce of the earth ; the figures in the margin, the 
temperature of the air adjoining the sor&ce of the earth ; the figures bolow 
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fhe margin, the temperature of the earth itsel£ The directions of the arrowi 
represent the radiation and reflection of the heat 
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SECTION II. 
CLOUDS, RAIN, SNOW, AND HAIL. 

607. Clouds consist of vapor evaporated from 
the earth, and partially condensed in the 
higher regions of the atmosphere. 

How Is mist or When air, saturated with vapor, in imme- 
fog occasioned? jj^^^ coutact with the surface' of the earth is 
cooled down rapidly, its vapor is condensed ; if the con- 
densation, however, is not sufficient to allow of its precipi- 
tation in drops, it floats above the surface of the earth as 
mist or fog. 

Howdodottds, Clouds, fog, and mist diflfer only in one re- 
^^and mist . gpect. Clouds float at an elevation in the air, 
while fogs and mists come in contact with the 
surface of the earth. 

' Mist and fog are also formed when the water of lakes and rivers, or the 
damp ground, is warmer than the surrounding air which is saturated with 
moisture. The vapors which rise in consequence of the higher temperature 
of the water, are immediately recondensed, as soon as they diffuse themselves 
through the colder air. 

Mist and fog are observed most frequently over rivers and marshes, h»- 
cause in such situations the air is nearly saturated with vapor, and therefore 

12* 
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tfao least dq>resBi(m of tempentare will compel it to relinquish some of iti 
moisture. 

The moisture contained in the air we expel from the lungs 
xiioiiitare o^ in the process of respiration, is visible in winter, but not in 
rbie^in*iHnter ■'"■™®''- The reason of this is, that in cold Weather the TspoT 
rm4 not in is condensed by the external air, but in summer the tempenif- 
■ununer f ^^^^ ^ ^^le air is not sufficiently reduced to effect condensation. 

In irliai nun- During the daily process of evaporation from the sur&ce of 
ner are eioud« the earth, warm, humid currents are continually ascending; 
formed? ^^ higher they ascend, the colder is the atmosphere into 

which they enter; and as they continue to rise, a point will at length be 
attamed where, in union with the odder air, their original humidity can no 
longer be retained : a doud will then i^pear, which increases in bulk with 
tho upward progress of the current into colder regions. 

To a person in the valley, the top of a mountain may seem enveloped in 
clouds; while, if he were at tho summit, he would be surrounded by a mist, 
or fog. 
^.^ M ^ M The reason why clouds, which are condensed moot, float 

Whydodondt , ^, ^ ^ . a^u ?.i. • x * • x i v 

float iu the wX- m the atmosphere is, that they consist of very mmute glob- 

mo«phere f ^\qq (called vesicles), which, althoug]i heavier than the sur- 

rounding air, have a great extent of surface in comparison with their weight 
On account of tho resistance of the air, they sink very slowly, as a soap- 
bubble, which greatly resembles these vesicles^ sinks but slowly in a calm 
atmosphere. Au these vesicles do, however, gradually sink, the question 
arises, why do not the clouds &11 to the ground ? The explanation of this ia, 
that the vesicles which sink in calm weather can not reach the ground, be- 
cause in their descent they soon meet with warmer strata of air which arc not 
saturated with moisture, where they again dissolve into vapor and are ket to 
view: at the same time that the vesicles of vapor dissolve at the lower limits 
of the clouds, new ones are formed above, and thus the doud appears to float 
immovably in the air. 

When the atmosphere is agitated, the vesicles of vapor constituting douds 
are driven in tho direction of the currents of air. A wind moving in a hori- 
zontal direction will carry the clouds m the same du-ection ; and an ascend- 
ing current of air will lift them up, as soon as its velodty becomes greater 
than the velodty with which the vesides would fall to the ground in a calm 
condition of the air. In like manner, soap-bubbles are elevated by the wind 
and carried to considerable distances. 
„ . _, , Clouds frequently appear and disappear with a change in 

Howdowindt ^. ,. ^ , / ^. . ^^. _, j „« .- ,, . , 

nffcct th« uie direction and character of the wind. Thus, if a cold wmd 

doude? blows suddenly over any region, it condenses the invisible va- 

por of the air into cloud or rain; but if a warm wind blows over any region, 
it disperses the douds by absorbing their moisture. 

The average height at which douds float above the surftce 
ftTcnge height ^^ ^^^ earth in a calm day, is between one and two miles. 
0f douds * Light, fleecy clouds, however, sometimes attain an elavatioa 

of five or six miles. 
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WhatooeMdoiM When clouds are not continuoufl over the wbo/e sni&ce <^ 
and broken'ap^ ^^ ^^Ji vanous drcumstances contribute to give them a 
pearanoe of rough and uneven appearance. The rajs of the sun Ming 
upon different sur&ces at difierent angles, melt away one set 
of elevations and create another set of depressions ; the heat also, which is 
liberated below in *the process of condensation, the currents of warm air 
escaping from the earth, and of cold air descending from above, all tend to 
keep the clouds in a state of agitation, upheaval, and depression. Under 
these influences, the masses of condensed vapor composing the clouds are 
caused to assume all manner of grotesque and fimciful shapes. 

The shape and position of clouds is aJso undoubtedly influenced in a oon- 
aderable degree by their electrical condition. 

,^ , , Clouds are frequently seen to collect around 

frequcntiycoi- mountaui pcaks, when the atmosphere else- 
moanwn'*"'* whcrc is clcar and free from clouds. This is 

caused by the wind impelling up the sides of 
the mountains the warm^ humid air of the valleys, the 
moisture of which, in its ascent, gradually becomes coiu 
densed by cold, and appears as a cloud. 
Hoir an ^^^' Clouds are generally divided into toiu 
SSwJ^SS'f S^^* classes, viz. : the Cirrus, the Cumulus, 

the Stratus, and the Nimbus. 
ctai*idoad? ^^^ Cirrus* cloud consists of very delicate 

thin streaks, or feathery filaments, and is 
usually seen floating at great elevations in the sky during 
the continuance of fine weather. 

It is highly probable that the cirrus doud, at great elevations, does not con- 
sist of yesides of mist, but offtakes of snow, 
ilg. 226, o^ represents the appearance of this variety of cloud. 

What is the Thc Cumulusf cloud cousists of large rouud- 
cumoiuEcioudf g^ masses of vapor, apparently resting upon 
a horizontal basis. When lighted up by the sun, cu- 
mulus clouds present the appearance of mountains 01 
snow. 

The cumulus is espedally the doud of day, and its figure is most perfect 
during the fine, warm days of summer. 

Fig. 225, 6, illustrates the appearance of the cumulus doud. 

These clouds appear in greatest number at noon, on a fine day, but disap- 
pear as evening approaches. The explanation of this is, thai at noon the cur- 

* From the Latin word eirru9--9, lock of hair, or etui, 
f From the Latin word cumulua—A bum, or pile. 
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rents of warm air ascending from the earth are more buoyant, larger, and rifi^ 
higher, and when condensed, form large maases of clouds, each c^ whidi may 
be considered as the capital of a column of air, whose base rests upon the earth. 
As the heat of the sun dimmishes in the afternoon, the strength of the cur- 
rents abate, the clouds^ which are buoyed up by their force, sink down into 
warmer regions of the atmosphere, and are either partially or wholly di^ 
•olved. 

Fio. 22fi. 




Cirrus, a; CumnluB, h; Stratus and Nimbus, <^ 



'' The rounded figure of the cumulus has been attributed to its method of 
formation ; for when one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of curved lines. This fac* 
may be shown, and the appearance of the cumulus imitated, by allowing a 
drop of milk or ink to fall into a glass of water. The same thing is also 
seen in the shape of a cloud of steam as it issues fix)m the boiler of a loco- 
motive. 
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What is the The Stiatus,* or stratified cloud, consists 
stntiu cloud f Qf horizontal streaks, or layers of vapor, which 
float like a veil at no very great elevation from the surface 
of the earth. They frequently appear with extraordinary 
brilliancy of color at sunset. 

The appearance of the gtratus is represented at c, Fig. 225. 

What to th« The Nimbus, or the cloud of rain, has no 

NtmboB? characteristic form. It generally covers tho 

whole horizon, imparting to it a bluish black appearance. 

The various fcMrms of douds gradually pass into each other, so that it is 
often difficult to decide whether the appearance of a doad approaches more 
to one type than another. The intennediato forms are sometimes designated 
as drro-stratus, drro-cumulus, and cumulo-stratus. 

609. Bain is the vapor of the clouds or air 

Whftt to Baint 

condensed and precipitated to the earth in drops. 
How to ndn TSaui is generally occasioned by the union of 
oeearionedf ^^^ ^j. j^q^q volumcs of humid air, differing 
considerably in temperature. Under such circumstances, 
the several portions in union are incapable ot absorbing the 
same amount of moisture that each could retain if they 
had not united. The excess, if very great, falls as rain ; 
if of slight amount, it appears as cloud. 
Upon what law 610. The law upon which the condensation 
tf^jrS^'dt ^f vapor and the formation of rain depends is, 
^^^^ that the capacity of the air for moisture de- 

creases in a greater ratio than the temperature. 

611. Bain Mis in drops, because the vesicles of vapor, in 
^uS^£^SoSt *^®"' descent, attract each other and merge together, thus 
forming drops of vrater. The size of the drop is increased in 
proportion to the rapidity with which the vapors are condensed. 

In lainj weather the douds fall toward the earth, for the reason that they 
are heavy with partially-condensed vapors, and the air, on account of iti 
diminished density, io less able to buoy them up. 

. 612. The quantity of rain faUing at any one time or 
place, is measured by means of an instrument called a 
« Rain-Guage." 

This usually consists of a tin cylindrical vessel, M, Fig. 
^^^^uA^* 226, the upper part of which is closed by a cover, B, in tho 
shape of a fimnel, with an aperture in its center. The water 
* Stratui, flrom the Latin stratus — that which lies low in the form of a bed or lajer. 
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most abundant? 



Fuk, 228. filling upon the top of 

the <7liiider flows into 
the interior through 
the opening, and i 
thus protected from 
ey^xvation. Fronthe 
base of the appara- 
tus a graduated glass 
tube, A, ascends, fti 
which the water 
rises to the samo 
height as in the in- 
terior of the cylinder. 
Supposing the apparatus to be placed in an exposed situation, and at the end 
of a month, for example, the height of the water in the tube is five inches: 
this would indicate that the water in the cylinder had attained to an equal 
eleration, and consequently that the rain which had fiillen during this inter- 
yal, would, if not diminished by evaporation or infiltration, coyer the earth to 
the depth of fiye inches. 

In whai sitaa. ^^^' ^*"^ ^*^ ^^^ abundantiy in countries near the equa- 
te rain tor, and decreases in quantity as we approach the poles. 
There are more rainy days, howeyer, in the temperate zones 
than in the tropics, although the yearly quantity of rsdn felling in the latter 
districts is much greater than in the former. 

In the northern portions of the United States, there are on an average about 
134 rainy days in a jrear ; in the Southern States the number is somewhat 
less, being about 103. 

The reason why it rains more frequentiy in the temperate zones than in the 
tropics is because, the former are regions of variable winds, and the tempo* 
rature of the atmosphere changes often ; whfle in the tropics the wind changes 
but rarely, and the temperature is very constant throughout a great part of 
the year. In the tropics the year is divided into only two seasons, the wet, 
or rainy, and the dry season. 

What Is the The average yearly fall of rain in the tropics 
SSulfdiSSeSt is ninety-five inches ; in the temperate zone 
eonntriMf ^jjjy thirty-five. I 

The greatest rain-fall, howevei; is precipitated in the shortest time. Ninetyw 
five inches faJl in eighty days on the equator, while at St Petersburg thi 
yearly rain-fall is but seventeen inches, spread over one hundred and sixty- 
nine days. Again, a tropical wet day is not continuously wet. The morn- 
ing is dear ; clouds form about ten o'clock ; the rain begins at tw^ve, and 
pours till about half past four ; by sunset the clouds are gone, and the nights 
are invariably fine. 

The depth of rain which &lls yearly in London is about twenty-five inches; 
but at Vera Cruz, in the Gulf of Mexico^ rain to the amount of two hundred 
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and sevenfy-^ig^t inches is precipitated. The explanation of this is to be 
fbuna in the peculiar loc».tion of the cityi at the foot of lofty moantainSy whose 
sommits are covered with perpetual snow ; against these the hot, humid air 
from the sea is driven by the winds, condensed, and its excess of moisture 
]xrecipitated as rain. 

614. Some countries are entirely destitute of rain; in a part of Egypt it 
never rains, and in Peru it rains once, perhaps, in a man^s lifetime. Upon 
the table-land of Mexico, in parts of Guatemala and California, rain is very 
rare. But the most extensive rainless districts are those occupied by the 
great desert of Africa, and its continuation eastward over portions of Arabia 
and Persia to the interior of Central Asia, over the great desert of Gk>bi, the 
table-land of Thibet, and part of Mongolia. These regions embrace an area 
of five or six millions of square miles that never experience a shower. 

The cause of this scarcity is to be sought for in the peculiar conformation 
of the country. 

In Peru, for example, parallel to the coast, and at a short distance from the 
«ea, is the lofty range of the Andes, the peaks of which are covered with 
perpetual snow and ice. The prevailing wind is an east wind, sweeping from 
the Atlantic to the Pacific across the continent of South America. As it ap- 
proaches the west coast, it encounters this range of mountains, and becomes 
do cooled by them that it is forced to precipitate its moisture, and passes on 
to the coast almost devoid of moisture. In Egypt and other desert countries, 
the dry sandy plains heat the atmosphere to such an extent that it absorbs 
moisture, and precipitates none. 

On the other hand, there are some countries in which it may be said to 
always rain. In some portions of Guiana, in South America, it rains for a 
great portion of the year. The fierce heat of the tropical sun fills the atmos* 
phere with vapor, which returns to the earth again ui constant showers as 
the cool winds of the ocean flow in and condense it 

615. The whole quantity of water annually predpitated as 
whole etiti- rain over the earth's sur&ce is calculated to exceed seven 
onantity^** of ^^'^^^^^ ^^^ ^ixty millions of tons. This entire amount is 
rainf raised into the atmosphere solely by evaporation. It has been 

also calculated, that the daily amount of water raised by 
evaporation from the sea alone, amounts to no less than one hundred and 
sixty-four cubic miles, or about sixty thousand cubic miles annually. * 

During the months of October and November, the daily amoimt of evapo* 
ration from the sur&ce of the ocean, between the Cape of Good Hope and 
Calcutta, is known to average three quarters of an iach fix>m the whole 

BUlfiKSe. 

What curious ^® amount of moisture constantly present in the atmos- 
inflaenees are phere of any country, exercises an important influence upon 
SJJ*^2,^rJSf *^® physical system of the inhabitants, and upon their arts 
theatmoq»b«rer and professions. The atmosphere of the northern United 
States is uncommonly dry, much more so than in England or 
Germany. To this in a great measure is owing tiie difference in the physical 
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i^ypearance of the inbabitantB of these respective countries. Painters find that 
their work dries quicker, also, in New England than in central Europe. 
Cabinet-makers in the United States are obliged to use thidcer glue, and 
watchmakers animal instead of vegetable oil Pianos are rarely imported fix>m 
Europe into the United States, because the difference in the climate of these 
two countries is so great, as respects moisture, that the foreign instruments 
shrink, and quickly become damaged. 

whAfctoSnovr 616. Snow is the condensed vapor of the air, 
frozen and precipitated to the earth. 

H<wr b mww ^^ knowledge in respect to the formation of snow in the 
probably form- atmosphere is very limited. It is probable that the clouds in 
•*' which the flakes of snow are first formec^ consist, not of vesi- 

dos of vapor, but of minute cxystals of ice, which by the continuous condens- 
ation of vapor become larger and form flakes of snow, which continue to 
increase in size as they descend through the air. 

When the lower regions of the air are sufficiently warm, the flakes of snow 
melt before they reach the ground; so that it may rain below, while it snows 
above. 

The largest flakes of snow are formed when the air abounds with vapor, 
and the temperature is about 32^ F. ; but as the moisture diminishes, and the 
cold increases, the snow becomes finer. 

In extreme cold weather, when a volume of cold air is suddenly admitted 
into a room, the air of which is saturated with moisture, it sometimes hap- 
pens that the vapor of the room will be condensed and firozen at the same 
instant, thus producing a miniature iail of snow. 

What la th ^^*^' ^^ examining a snow-flake beneath a microscope, it is 

pbysleai eom. found to consist of regular and symmetrical crystals, having a 
SS^iMUike f * «^* diversity of form. 

These crystals also exist in ice, but are so blended together 
that their symmetry is lost in the compact mass. 

The crystals of snow may, under fiivorable circumstances, be seen with 
the naked eye, by pladng the flake upon a dark body cooled below 32^ F. 
Fig. 227 represents the varied and beautiM forms of snow crystals. 

The bulk of recently-faUen snow is ten or twelve times greater than that 
of the water obtained by melting it 

618. Hail is the moisture of the air frossen 
into drops of ice. 

Can the pbe- ^® phenomenon of hail has never been satisfiictorily ez- 
nomenon of baO plained. It is difficult to conceive how the great cold is pro* 
SJtirflctorilyf duced which causes the water to fiwee under the circum- 
stances, and also how it is possible that Uie hail-stones, after 
having once become sufficiently large to fall by their own weight, can yet 
remain long enough in the air to increase to so considerable a size as is 
sometimes seen. A hail-storm generally lasts but a few minutes, very sel- 
dom as long as a quarter of an hour; but the quantity of ice which 
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escapes from the donds in so short a time is very great, and. masses have 
been obeeired to fisdl of a weight of 10 or 12 ounces. 

Fia 227. 




619. Hail-stones are generally pear-shaped, and if they are divided through 
the center, they will be found to be composed of alternate layers of ice ana 
enow, arranged around a nucleus, like the coats of an onion. 

Hailnstorms occur most frequently in temperate climates, and rarely within 
the tn^cs. They occur most frequently in northern latitudes, in the vicinity 
of high mountains, whose peaks are always covered with ice and snow. The 
south of France, which lies between the Alps and Pyrenees, is annually rav- 
aged by hail ; and the damage which it causes yearly to vineyards and stand- 
ing crops has been estimated at upward of nine millions of dollars. 
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620. Wind is air put in motion. The air ia 
never entirely free from motion, but the ve- 
locity with which it moves is perpetually varying. 

621. The principal cause of movements in 
t iatijmicBxm the atmospherc is the variation of temperature 

produced by the alternation of day and night 
and the succession of the seasons. 

When, through the agency of the sun, a particular portion 
of the earth*8 surface is heated to a greater degree than the 
remainder, the air resting upon it becomes rarefied and 
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aaconds, whUe a corrent of cold wir rushes in to supply the Tacancy. Two 
currents, the one of warm air flowing ont» and the other of cold air flowing 
in, are thus continually produced ; and to these movements of the atmoephero 
we apply the designation of wind. 

If the whole suz&oe of the earth were covered with water, 

Siyde^^ feit? *^ winds would always follow the sun, and blow uniformly 

tores of the from east to west The direction of the wind ia^ however, 

^u^aifeetthe continually subject to interruption flom mountains, des^rta^ 

plains, oceans, etc. i 

Thus mountains which are covered i^th snow, condense and cool the air 
brought in contact with them, and when the temperature of the canrent of 
air constituting the wind is changed, its direction is haUe to be changed alsa 
The ocean is never heated to the same degree as the land, and in conse- 
quence of this, the general direction of the wind is from tracts of ocean to- 
ward tracts of land. 

In those parts of the world which present an extended sur&oe of water, 
the wind blows with a great degree of regularity. 

What la the ^^^* Every variation exists m the speed of winds, from 
Telodbr and the mildest zephyr to the most vioient hurricane, 
force of nda ^ ^^^ which is hardly perceptible moves with a velodtf 

of about one mile per hour, and. with a perpendicular force on one square foot 
of '005 pounds avoirdupois. 

In a storm, the velocity <^ the wind is from 60 to 60 miles per hour, and 
the pressure from 7 to 12 pounds per square foot In some harricanee, the 
velocity has been estimated at from 80 to 100 miles per hour, with a varying 
force of from 30 to 60 poundsi 

The force of the wind is ascertained by ob- 
foS of wind serving the amount of pressure that it exerts 
upon a given plane sur&ce perpendicular to its 
own direction. 

If the pressure-plate acts freely upon spiral springs, the power c^the wind 
is denoted by the extent of their compression, which thus becomes a measure 
of their force, the same as in weighing by the ordinary spring-balanca 

What la an -^^ instrument for measuring the force of 
Anemometer r ^jj^ ^j^^j jg Called au Anemometer. 

623. Winds may be divided into three 
classes : — Constant, Periodical, and Variable 
winds. 

What: the ^^^ ^ many parts of the Atlantic and Pacific ooeanSi the 
trade-vindat wind blows with a uniform force and constancy, so that a ves^ 
sel may saO for weeks without altering the position of a sail 
or spar. Such winds have received the designation of trade-winds, inasmuch 
as they are most convenient for navigation, and always blow in one diiectioiL 
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What iB fhe ■**® trade-winds are caneed by the movements of vast cuf- 
canse of the rents of air which are continually flowing between the poles 
trade-winds ? ^^^ ^^ equator. Thus the air which has been greatly heated 
by the sun in regions near to the equator, rises and runs over toward either 
pole in two grand upper currents, under which there flows from north and 
south two other currents of colder air to occupy the space vacated, and to re- 
store the equilibrium. 

What cast g *^^' ^ ^® northern hemisph^^ the trade-winds blow from 
the direction of the north-east^ and in the southern hemisphere fix>m the south- 
the trade-wlnda ? , 



The xeasoa they do not blow from the direct north and south Is owing to 
the revolution of the earth. The drcumferenoe of the earth being larger at 
the equator than at the polea^ every spot of the equatorial surface must move 
madd faster than the corresponding one at the poles : when, therefore, a cur- 
rent of air from the poles flows toward the equator, it comes to a part of the 
etJth^B sur&oe whi(^ is moving fester than itself; in consequence of which 
it is left behmd, and thus produces the eflfect of a current moving in the op- 
posite direction. 

The region over which the trade-vnnds prevail extends for about 25 degrees 
of latitude, on each side of the equator, in the Atlantic and Pacific oceans. 

The reason the trade-winds do not blow uninterruptedly from the equator 
to each pole is owing to the change which takes place in their temperature as 
tiiey move north and south. Thus in ttupi northern hemisphere tiie hot air 
that ascends from the equator and passes north, gradually cools, and becomes 
denser.and heavier, running as it does over the cold current below. The 
cold air from the pole, too, gradually becomes warmer and lighter as it passes 
south,, so that in the temperate climates there is a constant struggle as to 
which shall have the upper and which the lower position. In these regions, 
consequently, there are no uniform vdnds.* 

What are mon- 626. MoDsoons are periodical cuiTents of air 
~^'"' which in the Arabian, Indian, and China seas 
blow for nearly six months of the year in one direction, 
and for the other six in a contrary direction. 

They are called monsoons from an* Arabic word signifying season ; they are 
alsD called periodical winds, to distinguish them frx>m the trade-winds whidi 
are constant 

. . The theory of the monsoons is as follows: — ^During six 

theory of tba months of the year, from April to October, tiie air of Arabia^ 
tnooaoons? Persia, India^ and Ghina^ is so rarefied by the enormous heat 

of their summer sun, that the cold air from the south rushes toward these 

* The eadstenee of a great current of air in the upper regions of the atmosphere, flow- 
lag in an nearly ooDtrary direction to the trade-winds, has been oonflrmed hy the oh- 
■ervationB of traTelers who have ascended the Peak of TenerifTe, or some of the high 
mountains in the islands of the Southern Pacific Ocean. At a height of about 19,000 feet 
a wind is encountered, blowing constantly in an opposite direction to that which prerails 
at the lerel of the sea below. 
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ooontriefl^ ftcroM the equator, and produoes a soufh-west wind. When the 
BOD, on the other hand, has left the northern side of the equator for the 
southern, the soothem hemisphere is rendered hotter than the northern, and 
the directum of the wind is reversed, or the monsoon blows north-east fiom 
October to ApriL 

The monsoons are more powerful than the trade-winds, and very often 
amount to violent gale& Thej are also more useful than the trade-winds^ 
since the manner is able to avail himself of their periodic changes to go ia 
one difection dozing one half of the year, and return in the opposite direction, 
during the other haK 

WhAt 1b fhe ^^^* ^^ '^'"^ ^""^ of the world, as on coasts and islands, 
explaiuitlon of the heating action of the sun produces daily periodical winds, 
^M^ "^ which are termed land and sesrbreezes. 

During the day, the land becomes mueh more highly heated 
by the sun than the adjacent water, and consequently the air resting^ upon 
the land is much more heated and rarefied than that upon the water. The 
cooler and denser air, therefore^ flows from the water toward tiie land, oon* 
Btituting a sea-breese, and, displacing the warmer and lighter air over the 
land, fivoes it intoa hi|^ region, along which it flows in an upper current 
seaward. 

At night a contrary effect is produoed. After snnset the land eools nnch 
more rapidly than the water, and the air over the shore beoonusii^ oo^er, 
and consequently heavier than that over the sea^ flows toward the water and 
forms the land-tweeze.* 

The phenomena of land and sea-breeses may be well illustrated by a simple 
experiment Fill a large dish witii cold water, and place in the middle of it 
a saucer fiill of warm watsr ; let the dish represent the ocean, and the saucer 
an island heated by the sun, and rarefying the air above it ; blow oat a can* 
die, and if the air of the room be still, on applying it successively to every 
side of the saucer, the smc^e will be seen moving toward it and rising over 
it, thus indicating the course of the air fix>m sea to land. On reversing the 
experiment, by filling the saucer with cold water, and the dish with warm, 
the land-breeze will be shown by holding the smoking wick over the edge 
of the saucer ; the smoke will then be wafted tothe wanner air over the dish. 
628. In the temperate zones, the winds have 
^di ^^i little' of regularity, and these latitudes are 
known as the regions of " variable winds." 

In the tropics, the great aerial currents known as the trade-winds exist fai 
all their power, and control most of the local influences; but in the temperate 
zones, where the force of the trade-winds is diminished, a perpetual contest 

• AdTwitege 1b teken of fheie breeaet by ooaston, wblcb, drawing leM water than 
Urg«r ▼owielM , can approach the eoast within thoae Umita where the sea and land-breaMt 
flnt begin to operate. Thus a ship of war nuy not be able to take advantage ixf fheia 
wind!, while doopa and achooiierB may be mortng along elooe to the shore nnder a preei 
of caaraa, and be oot of eight before the larger Tesael is released firom the calm bordering 
these breeaee, and fringing for some time the beaeh only. 
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oocoTB between the permanent and temporary cnrrenti, giving rise to oon* 
stant fluctuations in the strength and direction of the wiuds. 

629. The driest winds of the United States are west and 
character of north-west winds, since they blow over great tracts of land, 
th* ^ ™ **' and have little opportunity of absorbmg moisture. 
BtatM? ^0 south winds are generally warm and productive of 

rain, since coming from tropical countries, they are highly 
heated, and readily absorb moisture as they pass over the ocean. As soon, 
however, as they reach a cold climate they are condensed, and can no longer 
bold all their vapor in suspension; in consequence of which some of it Is do* 
posited as rain. 

639. Other disturbances of the air occasion a variety of phenomena known 
as "Simoons," "Hurricanes," "Tornadoes," "Water-Spouts," eta 

What la a 8i. 631. The Simoon is an intensely hot wind 
"*•****' that prevails upon the vast deserts of Africa 
and the arid plains of Asia, causing great suffering, and 
often destruction of whole caravans of men and animals 
when encountered. Its origin is to be sought in the pecu- 
liarities of the fioil and the geographical position of the 
countries where it occurs. 

** The surfiK» of the deserts of Africa and Asia is composed of dry sand, 
which the vertical rays of the sun render burning to the toudL The heat of 
these regions is Insupportable^ and their atmosphere like the breath of a ftir* 
haee. When, under such circumstances, the wind rises and swe^ ovet 
these plams, it is intensely hot and destitute of moisture, and at the same time 
bears aloft with it great clouds of fine sand and dust^-a dreadful visitant to 
Ihe traveler of the desert" 

wbAtiaaHor- The Hurricaue is a remarkable storm wind, 
'*®*°*^ peculiar to certain portions of the world. It 
rarely takes its rise beyond the tropics, and it is the only 
storm to dread within the region of the trade-winds. 

Hurricanes are especially distii^guished from all other kinds of tempests by 
their extent, irresistible power, and the sudden changes tbskt occur hi the 
directbn of the wind. 

In the northern hemisphere, the hurricane 
ami looationa most frequently occurs in the regions of tho 
moatfnm!^ West lodies ; in the southern hemisphere, it 
^^^'"^ occurs in the neighborhood of the Island of 

Mauritius, in the Indian Ocean. They also seem to be 
confined to particular seasons ; thus the West Indian 
occur from August to October ; the Mauritian from Feb- 
ruary to April. 
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Becent investigations have proved the haiv 
natare of the HCEnes to consist of extcnsivc storms of wind, 
which revolve round an axis either upright or 
inclined to the horizon ; while at the same time the body 
of the storm has a progressive motion over the surface of 
the ocean. 

. Thus it 18 the nature of a hurricane to travel n>and and round as well as 
Arward, much as a oorkacrew travels throu^ a cork, onlj the drdes are all 
flaty and described by a rotary wind upon the surfiice of the water. A sb^ 
leyolving in the oirdes of a hurricane, would find, in suooessiye positioos^ the 
wind blowing ftom every point of the compass.* 

The efibot produced by a hurricane upon the atmosphere is very singular. 
As it consists of a body of air rotating in a vast circle, its center is the point 
of least motion. ICariners who have been caught in such a center, describe the 
unnatural calm that prevails as awful — an apparent lull of the tempest^ whidi 
seems to have rested only to gather strength for greater efforts. The mass 
of air, however, which constitutes the body of *the storm will be driven out- 
ward from the center toward the margin, just as water in a paU whidi is 
made to revolve r^idly flies fix»n the center and sweUs aQ,the sides. Bat 
the pressure of the atmosphere beyond the whirl, checking and resistiBg the 
centrifugal foroe^ at length arrests the outward progress of the mass of aiF| 
and limits the storm. 

Whatisknovn '^^ progressive velocity of hurricanes is from seventeen to 
mpeetlDg Um ioTty miles per hour ; but distinct from the progressive velodly 
iRMMestoftv^ is the rotary velocity, which increases from the eztericNr boond* 
ed bv honi. aiy to the center of the storm, near which point the foroe of 
**°^^ the tempest is greatest, the wind sometimes blowing at the 

rate of one hundred miles per hour. 

The distance traversed by these terrible tempests is also immense. The 
great gale of August, 1830, which occurred at St Thomas^ in tiie West 
Indies, on the 12th, reached the Banks of Newfoundland on the 19th, having 
traveled more than three thousand nautical miles in seven days; the trade of 
the Cuba hurricane of 1844 was but little iaS&nor in length. 

The sur&oe simultaneously swept by these tremendous whu-lwmds is m 
vast circle vaiying from one hundred to five hundred miles in diamet^. 

Mr. Bedfield has estimated the great Cuba hurricane of 1844 to have been 
not less than eight hundred mQes in breadth, and the area over which it pra^ 
vailed during its whole length was computed to be two million four huap' 
dred thousand square mitan nn extent of surfiuse equal to two thirds of 
that of all Europe. 

* In 1845, m sbip eoeoantered « hnrrioane near Manritlnik The irind, as tlie sUf 
sailed in the circnlt of the storm, changed five times completely round in one hundred 
and seventeen hours. The whole distanee sailed by the yesael was fhirtsen hundred aftd 
seventy-three miles, and at the termination of the stcnrm she was only thrM hundittd and 
fifty-four miles firom the plaoe whflre the storm oommeaoed. 
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^niatawTor- 632. Tomodoes may be regarded as hurri- 
'***°®** canes, differing chiefly in respect to their con- 

tinnance and extent. 

Tornadoes usually last from fifteen to seventy seconds ; 

their breadth varies from a few rods to several hundred 

yards, and the length of their course rarely exceeds twenty 

miles. 

The tornado is generally preceded by a calm and soltry state of the atmos- 
phere^ when suddenly the whirlwind appears, prostrating every thing before 
it. Tornadoes are usually aooompanied with thunder and lightning, and 
sometimes showers of haiL 

Tornadoes are supposed to be generally pro- 
imSSm"*!*©! duced by the lateral action of an opposing 
wind, or the influence of a brisk gale upon a 
portion of the atmosphere in repose. 

Similar phenomena are seen in the eddies, or little whirlpools formed in 
water, when tWo streams flowing in different directions meet They occur 
most finequently at the junction of two brooks or rivers. 

Whirlwinds on a small scale are often produced at the comers of streets in 
cities, and are occasioned by a gust of wind sweeping round a building, and 
striking the calm air beyond. 

The whirl of a tornado, or whirlwind, appears to originate in the higher 
regions of the atmosphere ; it increases in velocity as it descends, its base 
gradually approaching the earth, until it rests upon the sur&ce. 

Great conflagrations sometimes produce whirlwinds, in consequence of a 
strong upward current, which is produced by the expaLsion of the heated 
air. A remarkable example of this is recorded to have happened at the 
bummg of Moscow, in 1812, where the air became so rarefied by heat, that 
the wind rose to a frightful hurricane. 

It has been noticed as one of the curious effects of a tornado, that fowls and 
birds overtaken by it and caught in its center, are often entirely stripped of 
their feathers. In a theory propounded some years since to the American 
AjHodatiim for the Promotion of Sdence, by an eminent sdentifio authority, 
it was supposed that in the vortex, or center of the tornado, there was a 
vacuum, and the fowls beuig suddenly caught in it, the air contained in the 
barrel of their quills expanded with such force as to strip them fiom the 
body. 

What if « 683. A water-spout is a whirlwind over the 
Wmter-Bpoutf gurface of Water, and differs from a whirlwind 
on land in the fact that water is subjected to the action 
of the wind, instead of objects on the surface of the earth. 
In diameter the spout at the base ranges from a few feet 
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to several hundreds, and its altitude is supposed to be 
often upward of a mile. 

When an observer is near to the spout^ a loud hissing noise is heard, and 
the interior of the column seems to be traversed by a rushing stream. 

Fig. 228. The successive appearances of a water- 

spout are as fi)llows : — ^At first it i^pears to 
be a dark cone, extending fix>m the clouds 
to the water; then it becomes a column 
uniting with the water. After continuing 
for a little time, the column becomes dis- 
united, the cone reappears, and is gradually 
m drawn up into the clouds. These various 
^ changes are represented in Fig. 228. It is 
A common belief that water is sucked up bj 
the action of the spout into the clouds ; but 
there is reason to suppose that water rather 
descends from the clouds, as water which 
has &llen from a spout upon the deck of a 
vessel has been found to be fresh. There is 
DO evidence, furthermore, that a continuous, 
column of water exifts within the whirling pillar. 
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SECTION IV. 

METBOBIO PHBNOMKNjL. 

634. Meteorites are luminous bodies, whicli 
from time to time appear in the atmosphere^ 

moving with immense velocity, and remaining visible but 
for a few moments. They are generally accompanied by 
a luminous train, and during their progress explosions are 
often heard. 

635. The term aerolite is given to those 
stony masses of matter which are sometimes 

seen to fall from the atmosphere.* 

What i« known The weight of those aerolites which have been known to 

reapMrtiiig the fiji from the atmosphere varies from a few ounces to several 
▼eight and ve- , , , , '^ . 

lodty of aero- hundred pounds, or even tons. 

***•■ ' The height above the earth's surface at which they are sup- 

posed io make their appearance has been estimated to vary from 18 to 80 miles. 

* Aerolite is derived from the Greek wordR acp (atmosphere) and Xido$ (a stone). A 
meteor is distingnlBbed from an aerolite by the fitet that it bursts in the atmosphere, bnt 
leaves no residaom* while the aerolite, which is supposed to be a fragment of a meteor, 
•omes to the ground. 
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The estimated velocity of these bodies is somewhat more than three hun- 
dred miles per minute, though one meteor of immense size, which is supposed 
to have passed within twenty-five miles of the earth, moved at the rate of 
twelve hundred miles per minute. Owing, however, to the short time the 
meteor is visible, and its great velocity, accurate observations can not h% 
made upon it ; and all estimates respecting thoir distance, size, etc., must h9 
considered as only approxunations to the truth. 

-nn. * .- v-^— ^^^y ™*^y ^ *^® meteorites which have feUen at different 
TMpeedng the tmies and m different parts of the globe, resemble each other 
•on^tatioii of gQ closely, that they would seem to have been broken from 
the same piece or mass of matter. 

Mont of them are covered with a blade shming crusty aa if the body had 
been coated with pitch. When broken, their color is ash-gray, inclining to' 
black. They consist for the most part of malleable iron and nickel, but they 
often contaui small quantities of other substances. They do not resemble in 
composition any other bodies found upon the surface of the earth, but have a 
character of their own so peculiar that it enables us to decide upon the me- 
teoric origin of masses of iron which are occasionally found scattered up and 
down the surface of the earth, as in the south of Africa, in Mejdco, Siberia, 
and on the route overland to California. Some of these masses are of immense 
weight, and imdoubtedly fell from the atmosphere. 

What is the 636. Four hypotheses have been advanced 
Sf''***^te2rilr *^ account for the origin of these extraordinary 
^'o^^^ bodies : 1. That they are thrown up from ter- 

restrial volcanoes ; 2. That they are produced in the at- 
mosphere from vapors and gases exhaled from the earth; 
3. That they are thrown from lunar volcanoes ; 4 That 
they are of the same nature as the planets^ either derived 
from them, or existing independently. 

The fourth <^ these suppositions most fully explains the facts connected 
with the appearance of meteorites, and the third likewise has some strong 
evidence ui its &vor. 

How do shoot- 637. Shooting-stars diflfer in many respects 
frS^te^ from meteors. Their altitude and velocity are 
greater ; they are far more numerous and fre- 
quent, and are unaccompanied by any sound or explosion. 
Their brilliancy is also much inferior to that of the me- 
teor, and no portion of their substance is ever known to 
have reached the earth. 

▲twhathei ht '^^ altitude of shooting-stars is supposed to vary from six 
do shoottnff- to four hundred and sixty miles, the greatest number appear- 
itan appear? ing at a height of about seventy miles. Owmg to their nxxm* 

13 
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ber and tteqaeocy of oocarrenoe, many careful obaenratioQa haTe been made 
upon them, with a view of determining these fects. 

Their velocity is sapposed to range from sixty to fifteen hundred miles per 
minute. 

Some of these meteoric appearances may be seen ereiy dear night, but 
ifaey appear to 611 in great numbers at certain periodical epochs. The pe- 
riods when th^ may be noticed most abundantly are on the 9th and 10th of 
August^ and the 12th and 13th of November.* 

) The majority of shooting stars appear to radiate from 
a particular part of the heavens, viz., a point in the con- 
stellation Perseus, undoubtedly fiir beyond the limits of our 
atmosphere. 

Wb»» fbrnvlM ^ ^^^^^ ^ account for the origin of shooting stars, it has 
hAT« bempro- been supposed by ProC Ohnstead, that they are derived from 
Jount for £» • ^^^ composed of matter.exceedingly rare, like the tail of a 
origin of ■hoot- oomet, revolving around the sun within the orbit of the earth, 
^ ''''* ' in a space little less than a year; and that at times the body 

approadies so near the earth that the extreme portions become detached and 
drawn to the earth by virtue of Its great attraction. It has been further sup- 
posed that the matter of which these bodies is composed is combustible, and 
becomes ignited on entering the earth's atmosphere. 

The nearest approach of the central body to the earth is sapposed to be 
about 3,000 miles. Bodies &Uing from this distance would enter the eartti^s 
atmosphere at a height of at least 60 miles above the sur&ce^ with a velocity 
generated by the force of gravity above 4 mOes per second— « velocity ten 
times greater than the utmost speed of a caanon-balL 

When common air is compressed in a tight oylindw to the extent of one 
fifth of its volume^ sufficient heat is generated to ignite tinder. If we suppose 
that the fragments descrad with such velocity as to compress the rarefied 
atmosphere at the height of 30 miles to sudi an extent only as to make it as 
dense as ordmary air, the temperature would be rsised as high as 46^000^ F. 
—a heat ihr more intense than can be generated in any fomaoe. Unlesev 
therefore^ the mass of matter comprising the body was very larger it must be 
disHi p ated by heat long before it reaches the surfiioe of the earth. 

Another theory has been proposed by the eminent astronomer Ghaldini, 
who supposes that» in addition to the planets and their satellites whidi revolve 
about the son, there are innumerable smaller bodies; and that these ooca- 
sbnaUy jenter within the atmosphere of the earth, take fire, or descend to its 
sur&oeu 

* They have aIm beon noticed In nnnsoal abnndanee on the 18ih of Oetober, the 6fh 
and 7ih of Deoemher, the 2d of January, the 83d and 24ih of April, and from tho ISth to 
theSOfhof June. 

Fonr moot remarkable meteoric Bhowera hare been noticed, vis., in 179T, 18R1, 1882, and 
1883, all In the month of November. In the shoirer of 1 838, the meteors, In many parts of 
the United States, appeared to fkU as thick aa enow-ilakei. 
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SECTION V. 

POPULAB 0PIHI0H8 COKCSBNIHa THS WEATHEB. 
BoeluneM fa ^^' ^^^^ ^ ^^ 168800 tO doubt that eVCTy 

the waatfatf change in the weather is in strict accordance 

Aeenr in •£. ^ 



•ceor in 
cordanee 
ftndlawa? 



conunee with With somc definite physical agencies^ which are 



^ fixed and certain in their operations. We 

can not, however, foretell with any degree of certainty 
the character of the weather for any particular time, be- 
cause the laws which govern meteorological changes are 
as yet imperfectly understood. 

. ^ There are, however, in all countriefl^ certain ideas and pop- 

lar ideas nl ular proverbs respecting changes in the weather, the influ- 
Samnf In fhe ^^^ ^^ *^® moon, the aurora borealis, eta, which are wholly 
wMiber found- erroneong and unworthy of belief; since, when tested by 
«l on faetf long-oontinued observations, they are invariably found to be 

unsupported by evidence. 

Thus an examination of meteorological records, kept in diflbrent countries, 
through many years, proves conclusively that the popuUir notions concerning 
the influence of the moon on the weather has no foundation in any well- 
established theory, and no correspondence with observed &cts. 

There is, however, some reason for supposing that ram falls more frequently 
about four days before full moon, and less ilfequently about four or five days 
before new moon, than at other parts of the month; but this can not be con- 
sidered as an established fact In other respects, the changes of the moon 
can not be shown to have influenced in any way the production of rain. 

There is also a current belief among many persons that timber should be 
cut during the decline of the moon. To test the matter, an experiment, on 
an extensive scale, was made some years smce in France, when it was found 
that there was no difiference in the quality of any timber felled in different 
parts of the lunar month. 

It is also supposed that bright moonlight hastens, in some way, the putre- 
fection of animid and vegetable substences. The &cts in respect to this sup- 
position are, that on bright, dear nights, when the moon shines brilliantly, 
dew is more freely deposited on these substances than at other times, and in 
this way putre&ction may be accelerated. With this result the moon has no 
connection. 

It is a traditional idea with many that a long and violent storm usually 
accompanies the period of the equinoxes, especially the autumnal ; but the 
examination of weather records for sixty-four yean has shown that no 
particular day can be pointed out in the month of September (when the 
*< equinoctial storm^* is said to occur) upon which there ever was, or ever wiU 
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be, a 80-called equinoctial stonn. The &ct, howeyer, should sot be conoealed, 
that, taking the average for the five days embracing the equinox for tho 
period above stated, the amount of rain is greater than for any other five 
dajB^ bj three per cent, throughout the month. 

Observations recorded for a long period have proved that the phenomenoa 
of the aurora berealJa, which is said to precede a storm, is as often foUoved 
bj &ir, as by Ibul weather. 

Heteorologioal records, kept for eighty yean at the observatoiy of Grveen- 
wicfa, England, seem to show that groups of warm years alternate with cold 
ones m such a way as to render it probable that the mean annual' tempera- 
tures rise and fidl m a series of curves, C(»responding to periods of about four- 
teen years. 

There is little doubt that some animals and insects are able to foretell 
changes in the weather, when man fidls to perceive any indications of the 
same. Thus some varieties of the land-snail only make their appearance be- 
fore a rain. Some other varieties of land crustaceous animals change th^ 
color and appearance twenty-four hours before a rain. 

For a light, short rain, some trees have been observed to incline their leaves^ 
so as to retain water; but for a long nun, they are so arranged as to conduct 
the water away.- 

The admonition given several thousand years ago, is equally sound in its 
philosophy at the present day : " He that observeth the winds shall not sow ; 
and he that rsgaideth the dottds shall not reap."««-.£bofef., xi. 4. 



CHAPTER XIV- 

UQHT. 



whatiiLigbtf 639. Light is the physical agent which oc- 
casions^ hy its action upon the eye^ the sensa- 
tion of vision. 

What b fh« 640. Optics is the name given to that de- 

BdenM of Op. paftmcnt of physical science which treats of 

vision, and of the laws and properties of light.* 

Between the eye and any visible object a space of greater or less eztenl 
intervenes. In some instances, as when we look at a star, the extent of the 
space existing between the eye and the object seen is so great, that the mind 
is unable to form any adequate conception of it Yet we recognize the ex- 
istence of objects at such distances^ by the physical effect which they produce 
on our oigans of vision. 

* Fzma the GrMk word "Oirre/ial," to wt. 
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What theories ^^* ^^ ^^^^ ^ explain how such a result is possible, or 
of Ught have in Other words, to account for tho origin of light, two theories 
been propoMd? ^^^^^ Y>een proposed, which are called the Corpusculab and 
the Undulatobt Theories. 

What b the The CoRPUSCtJLAR Theory supposcs that a 
rSP^ distant object becomes visible to us by emit- 
^•"^ ting particles of matter from its surface^ which 

particles of matter, passing through the intervening space 
between the visible object and the eye, enter the eye, and 
striking upon the nervous membrane, so affect it as to 
produce the sensation of light, or vision. 

According to this theory, there is a striking analogy or resemblance be- 
tween the eye and the organs of smelling. Thus, we recogniEe the odor of 
an object in consequence of the material particles which pass from the object 
to the organs of smelling, and there produce a sensation. In the same 
manner, a visible object at any distance may be supposed to send forth parti- 
cles of light, which move to the eye and produce vision, by acting mechan* 
ically on its nervous structure, as the odoriferous particles of a rose produce a 
sensible effect upon the organs of smelling. 

What is th« ^^^ Ukdulatory Theory supposes that 
ThTOi^f*'^ there exists throughout all space an ethereal, 
elastic fluid, which, like the air, is capable of 
receiving and transmitting undulations, or vibrations. 
These, reaching the eye, affect the optic nerve, and pro- 
duce the sensation which we call light. 

According to this theory, there is a striking analogy between the eye and 
the ear ; the vibrations^ or undulations of the ethereal medium being supposed 
to pass along the space intervening between the visible object and the eye in 
the mme manner that the undulations of the air, produced by a sounding body, 
pass through the air between it and the ear. 

Which of At ^® Corpuscular Theory was sustained by Newton, and was 
two theoriea of for a long time generally believed. At the present day it is 
auJreceS^T ahnost entirely discarded, and the Undulatory Theory is now 
received by scientific men as substantially correct ; since it 
explains in a satis&ctory manner nearly all the phenomena of light, which 
the Ckirpuscular Theory does not 

If the Ck>rpuscular Theory be correct, a common candle is able to fill for. 
hours, with particles of luminous matter, a circle four miles in diameter, since 
it would be visible, under &vorable circumstances, in every portion of this 
space. Light, moreover, has no weight ; the largest poscdble quantity col* 
lected in one point and thrown upon the most sensitive balance, does not 
affect it in the slightest degree. 
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whmt are fhe The chief sources of light are the sun, the 
S^tP"** stars, fire or chemical action, electricity, and 
phosphorescence. 

Under the head of chemical action are mduded all the forms of artificial 
light which are obtained bj the bnming of bodiea. Examples of light pro- 
duced bj phosphoresoeaoe, as it is called, are seen in the glow of old and de- 
oayed wood, and in the h^t emitted by flr&-flies and some marine animals. 

642. All bodies are either luminous or non-luminous. 
What ifl « iQ. Luminous bodies are those which shine by 
Binoosbodyr ^jjgj, q^jj jjg|j^ . g^^|j^ f^^ cxamplo, as the 

sun, the flame of a candle, metal rendered red hot, etc. 

All sohd bodies, when exposed to a sufficient degree of heat, become lu- 
minous. It has been recently proved* that all solids begin to emit light at 
the same degree of heat, riz., 977o of Fahrenheit's thermometer. As the 
temperature rises, the brilliancy of the light rapidly increaaes, so that at a 
temperature of 2600o it is almost forty times as intense as at 1900o. Gases 
must be heated to a mudi greater extent before they begin to emit lig^t 

whatissnoB- Nou-lumiuous bodies are those which pro- 
iuminou.bodyf ^^^ ^^ jjgj^^ themsclvcs, but which may be 
rendered temporarily luminous by being, placed in the 
presence of luminous bodies. 

Thus, the sun, or a candle, renders objects m an apartment luminous, and 
therefore visible ; but the moment the sun or candle is withdrawn, they be- 
come iuTisible. 

wh»tareti»n»- Transparent bodies are those which do not 
parent bodiM? interrupt the passage of light, or which allow 
other bodies to be seen through them. Glass, air, and 
water are examples of very transparent bodies. 
What an Opaquc bodics are those which do not permit 
opaqnebodie.? jig^t to pass through them. The metals, 
stone, earth, wood, etc., are examples of opaque bodies. 

Transparency and opacity exist in different bodies in very different degreea 
We can not clearly explain what there is in the constitution of one mass of 
matter, as compared with another, which fits the one to transmit light, and 
the other to obstruct it; but the arrangement of the particles has undoubt- 
edly much influence. 

Strictly speaking, there is no body which is perfectly transparent, or per- 
fectly opaque. Some light is evidently lost in passing even through spacoi 
and still more in traversing our atmoephera It has been calculated that the 
atmosphere, when tiie rays of the sun pass perpradicularly through it^ inter- 
* By Prot J. W. Draper. 
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cept from <me fifth to one fourth of their light: but when the sun is near the 
horizon, and the mass of air through which the solar rays pass is consequentlj 
vastly increased in thickness, only 1-2 12th part of their light can reach the 
Bur&ce of the earth. If our atmosphere, in its state of greatest density, could 
be extended rather more than tOO miles from the earth's surfiKse^ m^ead of 
40 or 60, as it is at present, the sun's rays could not penetrate through it, 
and our globe would roll on in darkness. Bodies, on the contrary, which 
are considered as perfectly opaque, will, if made sufficiently thin, allow light 
to pass through them. Thus, gold-leaf transmits a soft, green light 
, ^ , 643. Light, fix)m whatever source it may be 

mr ii tight derived, moves, or is propagated in straight 

propagated? -. * , xV. i- -i. x • 

nnes, so long as the medium it traverses is 
uniform in density. 

If we admit a sunbeam through a small openmg into a darkened chamber, 
the path which the light takes, as defined by means of the dust floating in 
the air, is a straight line. 

What praetieU ^^ ^ ^'°'^ **"* reason that we are unable to see through a 
appUflatiooaan bent tube, as we can through a straight one. 
mmmrat *rf ^" taking aim, also, with a gun or arrow, we proceed upon 
light In atraight the supposition that light moves in straight lines, and try to 
^^^*^ make the projectile go to the desired object as nearly as po»- 

sKb)e by the path along which the light comes from the object to the eye. 

FeO^ 239. 




Thui^ in Fig. 229, the line A B, which represents the luie of sight, is also the 
direction of a line of light passing in a perfectly straight direction from the 
object aimed at to the eye of the marksman. 

A carpenter depends upon this same principle for the purpose of determin- 
ing the accuracy of his work. If the edge of the plank be straight and uni- 
form, the light fixnn all points of its sur&oe will come to the eye regularly and 
uniformly ; if irregularities, however, exist, they wiU cause the light to be 
irregular, and the eye at once notices the confusion and the point which oo 
casions it 

What Is a ray 644. A ray of light is a line of particles of 
ofiightf light, or the straight line along which light 

passes from any luminous body. 
A luminous body is said to radiate its lights because the light issues fix>m 

it in every direction in straight lines. 
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- . ^ ^ When rays of light radiate from any lamin- 

EzpUIn fho 1,111. M , 

direiigenee of ous uddy, they divcrgo from one another, or 
they spread over more space as they recede 
from their source. 
Fig. 230 representa the manner of the direi^ Fig. 230. 




whattetheUir The surfaces covered, or 
tr diTwsenoef aUiminated by rays of 
light diverging from a luminous cen- 
ter, increase as the squares of the 
distances. 

Thoa, a candle placed behind a window will illominate a certain space on 
the wall of a house opposite. If the wall is twice as far from the candle as 
from the window, the space illaminated by it will be four times as large as 
the window. If the wall be removed to three times the distance, the sm-fiioe 
covered bj the rajs of light will be nine times as laige, and so on. 

A collection of radiating rays of light, as shown In Fig. 230, constitotea 
what is called a " pendl of light" 

A thousand, or any number of persons, are able to see the 
great namber Same object at the same time, because it throws off from its 
to "^^th^BMa ■'"■'^'^ *° infinite number of rays in all directions; and one 
oitJeet »t the person sees one portion of these raysi and another person 
■•"^ **"»•' another. 

Any namber of rays of light are able to cross-each other, in the same space, 
without jostling or interfering. If a small hole be made from one room to 
another through a tUn screen, any number of candles in one room will shine 
throu^ this opening, and illuminate as many spots in the other room as there 
are candles in this, aUX their rays (ax)ssing in the same opening, without hinder- 
anoe or diminution of intensity ; just as sounds of different character proceed 
through the air and communicate to the ear, each its own particular tone^ 
without materially interfering with each other. 

Bays of light which continually separate as 
sMid^D* tie £ they proceed from a luminous source, are called 
verginll ^ Diverging Bays. Bays which continually ap- 
paraueif proach cach other and tend to unite at a oom- 

jnon point, are called Converging Bays. Bays which move 
in parallel lines, are called Parallel Bays. 
What is a 645. When rays of light, radiated from a 
'**^**'^' luminous point, through the surrounding 
space, encounter an opaque body, they will (on account 
of their transmission in straight lines) be excluded from 
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the space behind such a body. The comparative dark- 
ness thus produced is called a shadow. 

When the light-giying surface is greater thaa the body casting the shadow, 
a cross section of the shadow thrown upon a plane sur&ce will be less than 
the bodj; and less, moreover, the further this surface is from the bodj, for 
the shadowed space terminates in a point 

When the luminous center is smaller than the opaque bodj casting the 
shadow, the shadow will gradually increase in size with the distance, without 
limit; thus the shadow of a hand held near a candle, and between a candle 
and the wall, is gigantic. 

If the shadow of any object be thrown on a wall, the closer 
the opaque body is held to the light-producing center, as a 
caudle, for example, the larger will be its shadow. The rea- 
son of this is, that the rays of light diverge from the center 
in straight lines, like lines drawn from the center of a circle ; 
and therefore the nearer the object 
is held to the center, the greater 
the number of rays it intercepts. 
Thus, in Fig. 231, the arrow A, held 
close to the candle, intercepts a large 
number of rays, and produces the 
shadow B F; whUe the same ar- 
row held at 0, intercepts a smaller 
number of rays, and produces only 
^ the littie shadow D S. 

When two or more luminous ob- 
jects, not in the same straight line, 
shine upon the same object, each one 
will produce a shadow. 

646. The intensity of light which issues 
from a luminous point diminishes in the same 
proportion as the square of the distance from 
the luminary increases. 

Thus, at a distance of two feet, the Intensity of light will be one fourth of 
what it is at bne foot; at three feet the intensity will be one ninth of what it 
is at one foot In other words, the amoant of illummation at the distance of 
one foot from a single candle would be the same as that ttom four, or nine 
candles at a distance of two or three feet, the numbers four and nine being 
the squares of the distances two, and three, from the center of illumination. 
647. This law, therefore, may be made available for meas- 
unng the relative intensities of light proceeding from different 
sources. Thus, in order to ascertahi the relative quantities of 
light furnished by two different candles, as, for example, a 
wax and a tallow candle, place two discs or sheets of white 
13* 
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paper, a few feet apart on a wall, and throw the light of one candle on one 
disc, and the light of the other candle upon the other disa If they are of 
unequal illuminating power, the candle which affords the most light must 
be moved back until the two discs are equaUj illuminated. Then, by meas- 
uring the distance between each candle and the disc it illuminates, the lum- 
inous intensities of the two candles may be calculated, their relative intensi- 
ties being as the squares of their distances from the illuminated discs. I^ 
when the discs are equally illummated, the distance from one candle to its 
disc is doable the distance of the other candle fhom its disc, then the first 
candle is four times more luminous than the second; if the distance be triple^ 
it is nine times vore luminous, and so on. 

Instruments called " Photometers," operating in a similar manner, have also 
been constructed for measuring the relative intensity of two luminous bodies. ' 
Their arrangement and plan of operation is substantially the same as in the 
method described. 

648. The light of the snn greatly exceeds in 
mosfc inteDM intensity that derived from any other luniin- 
ous body. 

The most brilliant artificial lights yet produced, are very iar inferior to the 
splendor of the solar light, and when placed between the disc of the sun and 
the eye of the observer, appear as black spots. 

Dr. Wollaston has calculated that it would require twenty thousand mil- 
lions of the brightest stars like Sirius to equal the light of the sun, or that 
that orb must be one hundred and forty thousand times fhrther fix>m us than 
he is at present, to be reduced to the illuminating power of Sirius. 

The light of the ML moon has also been estimated as three hundred thou- 
sand times less intense than that of the sun. 

During the day the intensity of the sun^s light is so great as to entirely eclipse 
that of the stars, and render them invisible ; and for the same reason, we only 
notice the Kght emitted by fire-fiiea and phosphorescent bodies in the dark. 

AretbemoTo- 649. Light docs Dot pass instantaneously 
S^to^toL^r through space, but requires for its passage from 

one point to another a certain interval of time. 
With whfttTe. The velocity of light is at the rate of about 
te?^1*^"*** one hundred and ninety-two thousand miles in 

a second of time. 

Light occupies about eight minutes in travelmg from the 
lustrations of sun to the earth. To pass, however, from the planet 
Srht?****^*^ ®' Uranus to the earth, it would require an interval of three 
hours. 
The dme required for light to traverse the space intervening between the 
nearest fixed star and the earth, has been estimated at 3J years ; and fh>m 
the &rthest nebulae, a period of several hundred years would be requisitei so 
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immense is their distance from our earth. I^ therefore, one of the remote fixed 
stars were to-daj blotted from the heavens, several genera^ons on the earth 
would have passed away before the obliteration could be known to man. 

The following comparison between the velocity of light and the speed of a 
locomotive engine has been instituted : — ^Ligbt passes fh>m the sun to the 
earth m about eight minutes; a locomotive engine, traveling at the rate of 
a mile in a minute, would requise upward of one hundred and eighty yean to 
accomplish the same journey. 

Who limt as- 650- The velocity of light was first deter- 
I3Sd?yofii^\ f mined by Von Roemer, an eminent Danish 
astronomer, from observations on the satellites 
of Jupiter. 

Explain the '^^ method by which Von Eoemer arrived at this result 
method bj may be explained as follows : — The planet Jupiter is sur- 
lodSr of "light J^^M^ed ^y several satellites, or moons, which revolve about 
was determined it in certain definite times. As they pass behind the planet, 
ofJupite^MS t^^y disappear from the sight of an observer on the earth, or 
eiiitea. in other words, they undergo an eclipse. 

The earth also revolves m an orbit about the sun, and in the course of ita 
revolution is brought at one time 192 millions of miles nearer to Jupiter than 
it is at another time, when it is in the most remote part of its orbit Suppose, 
now, a table to be calculated by an astronomer, at the time, of year when the 
earth is nearest to Jupiter, shoMring, for twelve successive months, the exact 
moment when a particular satellite would be observed to be eclipsed at that 
point Six months afterward, when the earth, in the oourse of its revolution, 
has attained a point 192 millions of miles more remote from Jupiter than it 
formerly occupied, it would be found that the eclipse of the satellite would 
occur sixteen minutes, or 960 seconds, later than the calculated time. This 
delay is occasioned by the Sact that the light has had to pass over a greater 
distance before reaching the earUi than it did when the earth was in the op- 
posite part of its orbit, and if it requires sixteen minutes to pass over 192 mU- 
lions of miles, it will require one second to move over 200,000 miles. When, 
on the contrary, the earth at the end of the succeeding six months has as- 
sumed its former position, and is 192 millions of miles nearer Jupiter, the 
eclipse will occur sixteen minutes earlier, or at the exact calculated time given 
in the tables. The velocity of light, therefore, in round numbers, may be con- 
sidered as 200,000 miles per second.* A more exact calculation, founded oa 
perfectly accurate data^ gives as the true velocity of light 192,500 miles per 
second. 

* The explanation above given will be made elear by reference to the following dia- 
gram. Fig. 232. 8 repreaente the snn, a b the orhit of the earth, and T T' the position of 
the earth at different and opposite points of its orbit. J represents Jupiter, and E its 
satellite, ahont to be eclipsed by passing within the shadow of the planet Now the time 
of the eommenoement or termination of an eclipse of the satellite, is the instant at which 
the satellite would appear, to an observer on the eartti, to enter, or emerge from the 
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Several other plans have been devised for determining the velocity- (flight, 
the results of whicli ag^ree very nearly with those obtained by the obeervaticm^ 
on the satellites of Jupiter.* 

When it light 651. When a ray of light strikes against a 
nflectedf Burfacc, and is caused to turn back or rebound 
in a direction different from whence it proceeded, it is said 
to be reflected. 

wii»t ii »b. 652. When rays of light are retained upon 
■o^tioa of ijjjg Btirface upon which they fall, they are said 
to be absorbed ; in consequence of which their 
presence is not made sensible by reflection. 

The question as to what becomes of the light which is absorbed by a body, 
can not be satis&ctorily answered. In all probability it is permanently re- 
tained within the substance of the absorbing body, since af body which absorbs 
light by continued exposure, does not radiate or distribute it again in any 
way, as it might do if it had absorbed heat 

shadow of Ui« pUnet If the tniiaoilMioii of light were toftenUneoiu, it ie obrioiie that 
an obterrer at T', the moat remote part of the earth* ■ orbit, would eee the eclipae begin 
and end at the same moment as an obeenrer at T, the part of the earth* s orbit nearest to 
Jupiter. This, however, is not the eaae, but the obeenrer at T' fees the eclipae MO aee- 
ondt later than the obeerrer at T ; and as the distance between ttiese two stations Is 198 
millions of miles, we hare, as the Telocity of light in one second, 192,000,000'l-9603 
800,00a 




* A rery ingenions plan was derised a few years since by M. Ilcean of Paris, by which 
the Telocity of artificial light was determined and found to agree with that of solar light. 
A disc, or wheel, carrying a certain number of teeth upon its ciroamference, was made to 
revolye at a known rate : placing a tube behind these, and looking at the open spaces be* 
tween the teeth, they become less evident to sight, the greater the velocity of the movinig 
wheel, until, at a certain speed, the whole edge appears trapsparent The rate at which 
the wheel moves being known, it is easy to determine the time occupied while one tooth 
passes to take the place of the one next to it. A ray of light is made to traverse many 
miles through space, and then passes through the teeth of the revolving disc It moves 
the whole distance in just the time occupi^ in the movement of a single tooth to theplaee 
of another at a certain q^eed. 



BEPLBCTION OF LIGHT. 301 



SECTION I. 

BXFLEOTIOK Of LIGHT. 

What oecnn 6^3. When rays of light fall upon any eur- 
r^nSySS! face, they may be reflected, absorbed, or 
'•**' transmitted. Only a portion of the light, 

however, which meets any surface is reflected, the remain- 
der being absorbed, or transmitted. 

When does • ^54. Whcu the portion of light reflected 
i^iLand^S^ from any surface, or point of a surface, to the 
^^^* eye is considerable, such surface, or point, ap- 

pears white ; when rery little is reflected, it appears dark- 
colored; but when all,.or nearly all the rays are absorbed, and 
none are reflected back to the eye, the surface appears black. 

Thus, charcoal is black, because it absorbs all the light which fells upon it^ 
and reflects none. Such a hodj can not be seen unless it is situated near 
other bodies which reflect light to it. 

According to a variation in the manner of reflecting light, the same surface 
which appears white to an eje in one position, may appear to be black from 
another point of view, as firequentlj happens in the case of a mirror, or of 
any other bright, or reflecting sur&oe. 

What Me good ^ Dense bodies, particularly smooth metals, 
Kfl«rton of reflect light most perfectly. The reflecting 
power of other bodies decreases in proportion 
to their porosity. 

How are non- 655. All bodics uot iu themsclves luminous, 
irieSi"*^ •become yisible by reflecting the rays of Kght. 

^^^ It is by the irregular reflection of light that most objects in 

nature are rendered visible ; since it is by rays which are dispersed fix>m re- 
flecting suifiices, irregularly and in every direction, that bodies not exposed 
to direct light are illuminated. If light were only reflected regularly from the 
suT&ce of non-luminous bodies, we should see merely the image of the lumin- 
ous object, and not the reflecting surface.* In the day-time, the image of the 
sun would be reflected from the surface of all objects around ufl,.as if they 
were composed of looking-glass, but the objects themselves would be invisi- 
ble. A room in which artificial lights were placed would reflect these lights 
from the walls and other objects as if they were mirrors, and all that would 
be visible would be the multiplied reflection of the artificial lights. 

* In a Tery good mirror we scarcely perceive the reflecting surface inkervenliig between 
«• and the imim;es It shows us. 
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Wbat dfeet bu ^^ atmosphere reflects light irregolaity, and eveiy particlo 
the afemoq»h<>re of air IS a luminous oenter, which radiates Ught in every direc- 

SE^oflLht?'' **^°- ^^^ ^* ^'^ ^'^^ ^^ *^® "^^ ^* woold only illumi- 
nate those spaces which are directly accessible to its rays, and 
darirnffw would InstaDtly succeed the disappearance of the sun below the horizon. 

656. Any surface which possesses the power 
of reflecting light in the highest degree is called 



What is s 
Minor? 

a MlBBOB. 



Into hov many 
chMMaremiT" 
Ton dlridsd* 



What ii Um 
great law of 
the refleotloa 




Mirrors are divided into three general classes, 
without regard to the materia] of which theycon- 
sisty viz., Plane, Concave, and Convex Mirrors. 

These three Tsrieties of murors are represented in Fig. 
233; A, being plane, like an ordinary looking-glass; B^ 
concave, like the inside of a watch-glass; and G, convex, 
like the outside of a watch-glass. 

657. When light falls upon 
a plane and polished surface, 
of Ught r jT^Q angle of reflection is equal 

to the angle of incidence. 

This is the great general law which governs the reflec- 
tion of light, and is the same as that which governs the 
motion of elastic bodies. 

Thus, in Fig. 234, let A B be the direction of an inci- 

Fig 234. ^®"* "^^ of light, felling^on a mirror, F a 

P It will be reflected m the direction B E. 

If we draw a line, D B, perpendicular to 
the surface of the mirror, at the point of 
reflection, B, it will be found that the 
angle of incidence, A B D, is precisely 
^ equal to the angle of reflection, E B D. 

The same law holds good in 
regard to every form of surface, curved as well as plane, 

since a curve may be supposed 
to be formed of an infinite num- 
ber of little planes. 

Thus, in Fig. 235, the incident ray, E G, 
foiling upon the concave surface, a C b^ 
will still be reflected, in obedience to the 
same law, in the direction D, the angle 
being reckoned firom the perpendicular to 
that point of the curve where the incident 
ray fiills. The same will also be true of 
the convex sur&ee, A G B. 
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whatismeant 658. An image, in optics, is the figure of 
by an image! Q^^y objcct made by rays proceeding from the 
several points of it. 

whatisaeom 659. A common looking-glass consists of a 
mo^^ looking- gj^g^ plate, having smooth and parallel sur- 
faces, and coated on the back with an amalgam^ of tin 
and quicksilver. 

Howaretheim- ^^® imagesformcd ina common looking-glass 
afwwSSrfiJf ^^® mainly produced by the reflection of the 
rays of light fix>m the metallic surface attached 
to the back of the glass, and not from the glass itself. 

The effect may be explained as follows: — ^A portion of the light incident 
upon the anterior surface is regularly reflected, and another portion irregu- 
larly The first produces a yery &int image of an object placed before the 
glass, while the other renders the sur&ce of the glass itself visible. Another, 
and much greater portion, however, of the light foiling upon the anterior sur- 
face passes into the glass and strikes upon the brilliant metallic coating upon 
the back, from which it is regularly reflected, and returning to the eye, pro- 
duces a strong image of the object. There are, therefore, strictly speaking, 
two images formed in every looking-glass — the first a foint one by the light 
reflected regularly from the anterior surface, and the second a strong one by 
the light reflected from the metallic sur&oe ; and one of these images will be 
before the other at a distance equal to the thickness of the glasa In good 
mirrors, the superior brilliancy of the image produced by the metallic surface 
will render the feint image produced by the anterior surface invisible, but in 
glasses badly silvered, the two images may be easily seen. 

If the sur&ces of the mirror could be so highly polished as to reflect re^- 
larly all the light incident upon it, the mirror itself would be invisible, and the 
observer, receiving the reflected light, would perceive nothing but the images 
of the objects before it This amount of polish it is impossible to effect arti- 
ficially, but in many of the large plate-glass mirrors manufactured at the pres- 
ent time, a high degree of perfectk)n is attained. Such a mirror placed ver- 
tically against the wall of a room, appears to the eye merely as an opening 
leading into another room, precisely similar and similarly furnished and illum- 
inated ; and an inattentive observer is only prevented frx>m attempting to 
walk through such an apparent opening by encountering his own image a« 
he approaches it 

In hat man- ^^^* ^ pl^^® mirror only changes the direc- 

ner does a tion of the rays of light which fall upon it, 

rJ^ rayiiof without altering their relative position. If 

they fall upon it perpendicularly, they will be 

* An amaJgam ia a mixtnre or oompoand of qoicksUver and iome other melaL 
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reflected perpendicularly ; if they fell upon it obliquely, 
they will be reflected obliquely ; the angle of reflection 
being always equal to the angle of incidence. 

If the two sur&oes of minon are not parallel, or imeTen, 
lsi4» to « then the rays of light falling upon it will not be reflected regu- 
a^^iuKrl- ^^^* *"*^ ^^^ image will appear distorted. 

•at 661. We always seem to see an object in the 

Bov ii an «p. directiou from which its rays enter the eye. A 
S^oZL^Mi mirror, therefore, which, by reflection, changes 
bjnfleetkmf |.j^^ dircctiou of the rays proceeding from an 
object, will change the apparent place of the object. 

Thus, if the rays of a candle fall obliquely upon a mirror, and are reflected 
to the eye, we shall mem to see the candle in the mirror in the direction 
in which they proceed after reflection. 

If we lay a looking-glass upon the floor, with its &ce uppermost, and place 
a candle beetde it, the image of the candle will be seen in the mirror, by a 
person standing oppo^te, as inverted, and as much below the sur&oe of the 
glass as the candle itself stands above the glass. The reason of this is» that 
the incident nys from the candle which fall upon the mirror are reflected to 

the eye in the same 
direction that they 
would have taken, had 
they really come from 
a candle situated as 
much below the sur- 
face of the glass, as 
the flrst candle was 
above the sur&oe. 
This &ct will be 
clearly shown by re- 
ferring to Fig. 236. 
When we look into a plane mirror (the common looking-glass) the rays of 
light which proceed from each point of our body before the mirror will, after 
reflection, proceed as if they came flt>m a point holding a corresponding posi- 
tion behind the mirror ; and therefore produce the same effbct upon the eye 
of the observer as if they had actually come from that point The image 
in the glass, consequently, appears to be at the same distance behind the 
sur&oe of the glass, as the object is before it 

Let A, Fig. 237, be any point of a visible object placed before a looking- 
glass, M N. Let A 6 and A be two rays diveiging from it, and reflected 
from B and to an eye at 0. After reflection they will proceed as if they 
had issued from a point, a, as far behind the surface of the looking-glass 
as A is before it — ^that is to say, the distance A N will be equal to the 
distanoe HT & 
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For this reason oar reflection in Fio. 237. 

a mirror seems to approach us when 
we walk toward it, and to retire | 
from us as we retire. 

Upon the same principle, when I 
trees, buildings, or other objects I 
are reflected from the horizontal | 
Bur&oe of a pond, or other smooth 
sheet of water, the^r appear in- 
▼erted, since the light of the object, 
reflected to our eyes from the I 
sur&ce of the water, comes to us 
with the same direction as it 
would hare done, had it proceeded 
directlj from an inverted object | 
in the water. 
In Fig. 238, the light proceed- 

FiO. 238. "*2 ^^ **^® arrow-head. A, strikes the water 

at F, and is reflected to D, and that from 
the barb, B, strikes the water at E, and is 
reflected to C. A spectator standing at G 
will see the reflected rays, E G and F G, as 
if they proceeded directly from C and D, and 
the image of the arrow will appear to be lo- 
cated at D. 

It is in accordance with the law that the 
angles of incidence are equal to the angles of 
reflection, that a person is enabled to see his whole figure reflected from the 
sur&ce of a comparatively small mirror. Thus, in Fig. 239, let a person, G D, 
Fio. 239. be placed at a suitable distance from a mir- 

ror, A B. The rays of light, C A, proceed- 
ing from the head of the person, fikll perpen- 
dicularly upon the mirror, and are therefore 
reflected back perpendicularly, or in the 
same line; the rays B D proceeding from 
» the feet, however, fall obliquely upon the 

mirror, and are therefore reflected obliquely, and reach the eye in the same 
direction they would have taken had they proceeded from the point F behind 
the mirror. 

ii the same 662. The quantity of light reflected from a 
SSffl"*!?^^* given surface, is not the same at all angles, or 
angles! inclinations. When the angle or inclination 

with which a ray of light strikes upon a reflecting surface 
is great^ the amount of light reflected to the eye will be 




^ 
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considerable ; when the angle, or inclination is small, the 
amount of light reflected will be diminished. 

Tbufl) fi)r example^ when light falla perpendicularly upon the sar&ce of 
glMBy 26 rajB out of 1,000 are returned; but when it falls at an angle of 
86^, 650 rays out of 1,000 are returned. 

Thus, a Buiiaoe of unpolished glass produces no image of an object by re- 
flection when the rays (all on it nearly perpendicularly ; but if the flame of a 
candle be held in such a position that the rays (all upon the sur&oe at a yqtj. 
■mall angle^ a diBtbct image of it will be seen. 

We have m this an explanation of the &ct, that a spectator standing upoa 
the bank of a river sees the images of the opposite bank and the objects upon 
U reflected in the water most distinctly, while the images of dearer objects 
are seen imperfectly, or not at all Here the rays coming from the distant 
objects strike the surface of the water very obliquely, and a sufficient number 
are reflected to make a sensible impression upon the eye ; while the rays pro- 
ceeding ftom near objects strike the water nHth little obliquity, and the light 
reflected is not sufficient to make a sensible impression upon the eye. 

This &ct may be deariy seen by reference to fig. 240. 

Fid. 240. 




Let S be the position of the spectator; and B the position of distant 
objects. The rays O R and B R which proceed from them, strike the sui&co 
of the water very obliquely, and the light which is reflected in the direction 
R S is sufficient to make a sensible impression upon the eye. But in regard 
to objects, such as A, placed near the spectator, they are not seen reflected, 
because the rays A R' which proceed from them strike the water with but 
little obliquity ; and consequently, the part of their light which is reflected 
in the direction R' S, toward the spectator, is not 6ufficientto_produoe a sea* 
Bible impressbn upon the eye. " 

What Is the 668. If an object be placed between two 
jSau/'piSe pl^^® mirrors, each will produce a reflected 
mirroMf image, and will also repeat the one reflected 

by the other — the image of the one becoming the object 
for the other. A great number of images are thus pro- 
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duced, and if the light were not gradually weakened by 
loss at each successive reflection^ the number would be in- 
finite. 

If the mirrors are placed so as to form an angle with each other, the num- 
ber of mutual reflections will be diminished, proportionably to the extent of 
the angle formed by the mirrors. 

D ■cribo th *^^ construction of the optical faistrument called the Ealeir 

Kateidofloope. doscope is based simply upon the multiplication of an image 
by two or more mirrors inclined toward each other. It con- 
sists of a tube containing two or more narrow strips of looking-glass, which 
run through it lengthwise, and are generally inclined at an angle (k about 
60^. If at one end of the tube a number of small pieces of colored glass 
and other similar objects are placed, they will be reflected fix>m the mirrors 
in such a way as to form regular and most elegant combinations of figures. 
An endless variety of symmetrical combinations may be thus formed, since 
every time the instrument is moved or shaken the objects arrange themselves 
differently, and a new figure is produced. 

x^ M ^x. Upon the surface of smooth water the sun, when it is neariy 

Why does tne r , . x i.* i 1 

■an appear at vertical, as at noon, appears to shme upon only one spot, 

»r*° irf^ '^^^ *^ *^® ^^* ^^ '^® water appearing dark. The reason of this 
point upon the IS, that the rays fall at various degrees of obliquity on the 
watnr? ^ Water, and are reflected at similar angles; but as only those 
which meet the eye of the spectator are visible, the whole sur- 
fiico will appear dark, except at the point where the reflection occurs. 

J.JQ 241 ^"*» ™ ^^8f- 241, of the rays 

S A, S B, and S 0, only the ray 
S C meets the eye of the specta- 
tor, D. The point 0, therefore, 
will appear luminous to the spec- 
tator D, but no other part of the 
sur&ce. 

Another curious optical pheno- 
menon is seen when the rays of 
the sun, or moon M at an angle 
upon the surface of water gently 
agitated by the wind. A long, 
tremulous path of light seems to 
be formed toward the eye of the 
spectator, while all the rest of the 
sur&ce appears dark. The reason 
of this appearance is, that every little wave, in an extent perhaps of miles, has 
some part of its rounded surface with the direction or obliquity which, accord- 
ing to the required relation of the angles of incidence and reflection, fits it to 
reflect the light to the eye, and hence every wave in that extent sends its mo- 
mentary gleam, which is succeeded by others. 
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wiMtfaiiGoii. 664. A concave mirror may bo considered 
as the interior surface of a portion^ or segment 
of a hollow sphere. 

This 18 clearly shown in fig. 342. 

A oonoave minor may be repreaented by « bright 8po<»i, or the reflector of 
alaatern. 

noirM«i»ni. When parallel rays of light fell upon the 
!idfi!S!^»"<^ surface of a concave mirror, they are reflected 
MTsmiiTorr j^jj^j caused to converge to a point half way 
between the center of the surfece and the center of the 
curve of the mirror. This point in front of the mirror is 
called the principal focus of the mirror. 

Thus, in Fig. 242, let 1, 2, 3, 4, etc, be ^^ 2^2. 

paraOel rays foiling upon a concave mir* 
ror; they will, after reflection, be found con 
▼eigiog to the p<Mnt o, the principal focus, 
which is situated half way between the 
center of the surfaoe of the mirror and 
the geometrical center of the cunre of the 
mirror, a. 

Why aw ecm. 665. CoUCaVO 

^d^o^ mirrors are some- 
'°*^'"' times designated 

as "Burning Mirrors," since 
the rays of the sun which fall upon them parallel, are re- 
flected and converged to a focus (fire-place), where their 
light and heat are increased in as great a degree as the 
area of the mirror exceeds the area of the focus.^ 
, ^ 666. Diverging rays of light issuing from a 

In what man. , . i i T j ^ ^i ^ rZx. 

ner arediT«rg. lummous Dody placed at the center ot tne curve 
fleeted from a of a coucavo sphcrical mirror, will be reflected 
rorf*^* back to the same point from which they diverged. 

* A hnmfaiir mirror^ 80 Inehes in diameter, eonatraeted of plaster of Paris, gUt and bnr- 
Blshed, has been foand capable of ignithig thider at a distonoe of GO feet. It is related 
that Archimedes, the philosopher of Syracuse, employed baming mirrors tOO years before 
the Christian era, to destroy the besieging nary of Marcellus, the Roman eonsol ; his 
mirror was probably oonstrncted of a great number of fiat pieces. The most remarkable 
experiments, howerer, of this nature, were made by Buflbn, the eminent French natural- 
ist, who had a machine composed of 168 small plane mirrors, so arrmged that they all 
reflected radiant heat to the same focus. By means of this combination of reflecting sur- 
faces he was able to set wood on fire at the distance of 209 feet, to melt lead at 100 feet, 
and sUrer at 60 feet. 
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Fick 243. Thus, if A B, Fig. 243, were a concave spheri- 

cal mirror, of which were the center, rays issu- 
ing from C would, in obedience to the law that 
the angle of incidence and reflection are equal, 
meet again at 0« 

Diverging rays falling on a spheri- 
cal concave mirror, if they issue from 
the principal focus, half way between the center of the sur- 
face and the center of the curve of the mirror, wiU be re- 
flected in parallel lines. 

Thus, in Fig. 244, if F represent a can- yiq, 244. 

die i^aoed before a concave mirror, ABO, 

half way between the center of its sur&oe, 

B, and the center of its curve, 0, its rays, 

&lling upon the mirror, will be reflected ^ ' 

in the parallel lines defgK 
This principle is taken advantage of in 

the arrangement of the illuminating and 

reflecting apparatus of light-houses. The lamps are placed before a concave 

mirror, in its principal focus, and the rays of light proceeding from them are 

reflected parallel from the sur&ce of the mirror. 

Wlien the rays issue from a pomt, P, Fig. 
246, beyond the center, 0, of the curve of the 
mirror, they will, after reflection, converge to 
a focuS) / between the principal fiscus, F, and 
the center of the curve, 0. 

On the contrary, if the rays issue fitnn a 
point between the principal focus, F, and the 
Bur&ce of the mirror, they will diverge aft»r 
reflection. 

667. Images are formed by concave mirrors 
in the same manner as by plane "ones, but they 
are of difterent size from the object, their gen- 
eral effect being to produce an image larger than the 
object. 

When an object is placed between a concave 
mirror and its principal focus, the image will 
appear larger than the object, in an erect posi- 
tion and behind the mirror. 
This will be apparent ftx)m Fig. 246. Let o be an object situated 
within the focus of the mirror. The rays from its extremities will &U 
divergent on the minor, and be reflected less divergent to the ^e at ^ 



Fia. 245. 




aowareimftgM 
formed byeon- 
earo mirrors? 



When vill th« 
image formed 
by a eoneave 
mirror be mag- 
- if 



810 



WELLM KATXmAL PHILOSOPHT. 





Fio. 246. as tiioogfa thej prooeeded flnom an ob- 

ject behind the mirror, as at ^ To an 
eye at ( also^ the image will appear 
larger than the object a, since the angle 
of viaioD is larger. 

If the rays prooeed (torn a distant body, 
as at E D^ Fig. 24*7, beyond the ceo- 
ter, 0, of a epherical ccmcaye mirror, A £; 
they will, after reflection, be converged to 
a focQS in ftont of the mirror, and some- 
what nearer to the oenter, C, than the prin- 
ce IbcQSi and there pdnt npon any 
substance placed to reoeiye it, an im- 
age byerted, and smaller than the object; 
this image will be very bri^t^ as all the 
light incident upon the mirror will be gath- 
ered into a sinall space. As the object 
i^proaches the mirror, the image recedes 
fincm it and approaches C; and when situ- 
ated at C, the center of the curve of the mirror, ^e unage will be reflected 
as large as the object : when it is at any point between C and /, supposing / 
to be the focus for parallel rays, it will be reflected, enlarged, and more dis- 
tant ftom the mirror than the object, this distance increasiDg, until the ob- 
ject arrives at/ and then the image becomes infinite^ the rays being reflected 
paralleL* 

668. When an object is further from the 
surface of a concave mirror than its principal 
focuSy the image will appear inverted ; but 
when the object is between the mirror and its 
principal focus, the image will be upright, and 

increase in size in proportion as the object is placed nearer 

to the focus. 

The &ct that images are formed at the foci of a concave mirror, and that by 
Tsuying the distance of objecta before the sur&oe of the mirror, we may vaiy 
the position and size of the Jknages formed at such foci, was often taken ad- 
vantage of in the middle ages to astonish and delude the ignorant Thus^ 
the mirror and the object being concealed behind a curtain, or a partition, and 
the object strongly illuminated, the ra^ from the object might be reflected 
from the mirror in such a manner as U> pass through an opening in the screen, 
and come to a focus at some distance beyond, in the air. If a cloud of smoke 

* In an the eaaes referred to, of the reflection of light from eoneaTtt mirron, the aper- 
ture or enrratare of the mirror is presumed to be Ineonriderable. If It b^ Inereand be- 
yond a certain limit, the rays of light ineldent apoa it ar« "n^^dfl^fti in tbair raHeoiian 
from its mubim. 
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from bunung inoeDse were caiised to ascend at this point, an image would be 
fonned upon it, and appear suspended in the air in an apparently supernatural 
manner. In this way, terrifying apparitions of skulls, daggers, etc., were 
produced. 

669. A Convex Mirror may be considered 
as any given portion of the exterior surface of 
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The principal focus of a convex mirror lies 
as far behind the reflecting surface as in con- 
cave mirrors it lies before it. (See § 664) 
The focus in this case is called the virtual focus, because 
it is only an imaginary point, toward which the rays of 
reflection appear to be directed. 

Thus, let a b c d e, Rg. 248, be 
parallel rays incident upon a convex 
mirror, A B, whose center of curvature 
is 0. These rays are reflected diverge 
ent, in the directions a' h' c d' e\ as 
though they proceeded from a point, 
F, behind the mirror, corresponding 
to the focus of a concave mirror. 

If the point be the geometrical 
center of the curve of the mirror, the 
point P will be half way between 
and the sur&ce of the mirror; as this 
focus is only apparent, it is called the virtual focus. 

Rays of hght falling upon a convex mirror, 
diverging, are rendered still more divergent by 
reflection from its surface ; and convergent 
rays are reflected, either parallel or less con- 

Fia 249. 
670. The general effect 

of convex mirrors is to 

produce an image smaller 

than the object itself. 

Thus^ in Fig. 249, let D E be an object placed 
before a convex mirror, A B ; the rays proceed- 
ing fix)m it will be reflected from the convex sur- 
&ce to the eye at H K, as though they proceeded 
from an object, d e, behind the mirror, thus pre- 
senting an image smaller, erect, and much nearer 
the mirror than the object. 
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Thus the globular botties filled with colored liquid, in the window of a 
drag-etore, exhibit all the variety of moving scenery without^ such as car- 
riages^ carta, and people moving in different directions: the upper half of 
each bottle exhibiting all the images inverted, while the lower half exhibits 
another set of them in the erect position. 

Convex miiroTB are sometimes called dispersing mirrors^ as aU the rays of 
Ugfat which &11 upon them are reflected hi a diverging direction. 

What ii Gs. 671. That department of r the science of 
toptricsT optics which treats of reflected light, i^ often 
designated as Catoptbics. 

SBOTION II. 
BKFBJLOTIOV or LIGHT. 

What If meant ^^S^^ traverscs a given transparent snb- 
Sn^SiSSr ^^^^^9 snch as air, water, or glass, in a straight 
line, provided no reflection occurs and there is 
no change of density in the composition of the medium ; 
but when light passes obliquely from one medium to an- 
other, or from one part of the same medium into another 
part of a different density, it is bent fiom a straight line, 
or refracted. 

What la a ma- 672. A medium, in optics, is any substance, 
diojn In optica r g^jj^^ liquid, or gaseous, through which light 
can pass. 

A medium, hi optica, is said to be dense amre, according to its power of 
refracting light, and not according to its specific gravity. Thus alcohol, olive 
oil, oil of turpentine, and the like substances, although of less specific gravity 
than water, have a greater refractive power ; they are^ therefore, called denser 
media than water. 

673. The fundamental laws whidi govern the refraction of light may b« 
stated as follows : 

WbatiawtRtiT- When light passes from one medium into 
UOTof'iiih??*' another, in a direction perpendicular to tl® 
surface, it continues on in a straight line, with- 
out altering its course. When light passes obliquely from 
a rarer into a denser medium, it is refracted toward a 
perpendicular to the surface, and this refraction is in* 
creased or diminished in proportion as the rays &11 more 
or less obliquely upon the refracting surface. 
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When light passes obliquely out of a denser into a rarer 
medium, it passes through the rarer medium in a more 
oblique direction, and further from a perpendicular to the 
siir&ce of the denser medium. 

Fio. 260. ^^ ^ ^' 2^0* sappoae nmto lepraseot tho 

I lur&ce of water, and SO a ray of light strikiDg 
upon its surface. When the raj S O enters tho 
vaster, it will no longer pursue a straight course^ 
but will be refracted, or bent toward Uie perpen* 
dicular line, A B, in the direction 3 0. The denser 
the water or other fluid may be, the more the raj 
S H will be refracted, or turned toward A B. 
I I^ on the contrary, a raj of light, H 0, passes from 
the water into the air, its direction after leavingthe water will be fiarther from 
the perpendicular A O, in the direction S. 

The effects of the refraction of 
light may be illu^rated bj the fol- 
lowing simple ezperimenc t—Let a 
coin or an j other object be placed 
at the bottom of a bowl, as at 911^ 
Ilg. 251, in such a manner that the 
eye at a can not peroeire it^ on ae- 
eount of the edge of the bowl which 
intervenes and obstructs the rajs of 
light. If now an attendant care- 
fullj pours water mto the vessel, the 
com rises into view, just as if the bottom of tha basin had been elevated 
above its real level This is owmg to a refraction bj the water of the rajs 
of light proceeding from the com, which are therebj caused to pass to tho 
eye in the direction t i. The image of the coin, therefore^ appears at n^ in thfl 
direction of these rajs, instead of fit fn^ its true position. 

A straight stick, partlj immersed in water, i^pears to be broken or bent 

at the point of immersion. This is owing to the &ct that the rajs of light 

proceeding from the part of the stick contained in the water are r^racted, or 

Fif}. 2S1. caused to deviate from a straight line as thej pass from tho 

water into the air ; consequent! j that portion of the stick 

immersed in the water wfll appear to be lifted up^ or to 

be beat in such a manner as to form an angle with tho 

part out of the water. 

The bent appearance of the stick in water is represented 
in Fig 252. For the same reason, a spoon m a glass of 
water, or an oar partiallj immersed in water, alwajs ap- 
pears bent. 

On aoooont of this bending of lig^t (torn objects under water, a person who 
«ndeavors to strike a fish with a spear, must^ unless directlj above the fis^, 

14 
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9hxk at a point apparently below it, otborwise the ifw^xm will inisfli by pass- 
ing too high. 

A river, or any clear water viewed obliquely fix)m the bank, appears more 
shallow than it really is, since the light proceeding from the objects at the 
bottom, ia refracted as it emerges from the soi&ce of the water. The depth 
of water, under socfa cncorastances^ is aboat one third more than it appears, 
and owing to thia optical deoeption, persons in bathing are liable to get be- 
yond tiieir depth. 

Light, on entering the atmosphere, is i«h 
^erio ^tao- fracted in a greater or less degree, in propoi- 
tion to the density of the air ; consequently, 
as that portion of the atmosphere nearest the surface 
of the earth possesses the greatest density, it must also 
possess the greatest refractive power. 

Whftt AffMifciiAfl From this cause the sun and other celestial bodies are never 
nAwtion upon Seen in their true situations, nnlefis they happen to be vertr- 
2j PJf^ ^ cal; and the nearer they are to the horizon, the greater will 

be the influence of refiiictjon in altering the apparent place of 
any of these luminariea 

This forms one of the sources of enor to be allowed for in all astronomical 
observations, and tables are calculated fat finding the amount of refraction, 
depending on the iq>parent altitude of the ol^ject, and the state of the barom- 
eter and thermometer. When the object is vertical, or nearly so^ this error 
is hardly sensible^ but increases rapidly as it approaches the horizon ; so that, 
in the morning, the sun is rendered visible before he has actually riaen, and 
in Che evening, after he has set 

For the same reaaon, morning does not occur at the m- 
otnae ^ tvi- '^^''"^^ ^ ^^ '^'^'^ appearance above the horizon, or night 
Ughtf set in as soon aa he haa disappeared below it But both 

at morning and evening, the rays proceeding ttom the sun 
below the horizon are, in consequence of atmospheric refraction, bent 
down to the sur&oe of the earth, and thus, in connection with a reflect- 
ing action ci the partidea of the air, produce a lengthening of the day, termed 
twilight 

In what man- "^ ^^ density of the air diminishes gradually iq)ward ttom 
ner is Hgfat re- the earth, atmospheric refraction is not a sudden ciumge of 
JSSl^S^?* direction, as in 1^ case of the passage of light ftom air into 

water, but the ray of ligfal actually describes a curve, being 
refractod more and more at each step of its. progresa This applies to 
the light received from a distant object on the surface of the earth, which is 
lower or higher than the eye, as well as to that received fh>m a celestial ob- 
ject, since it must pass through air constantly increasing or diminisbhig in 
density. Hence, m the engineering operation of lerelinj^ this refraction must 
be taken faito considenition. 
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E lain the ^^^ ^® appHcation of the laws of refraetkm of light ao- 
pheoomaia of oount for many curious deoeptiye appearances in the ot- 
toagfc moephere, which are indnded under the general name of 

Mirage. In these phenomena, the images of objects fiff remote are seen at an 
elevation in the atmosphere, either erect or inverted. Thus travelers upon a 
desert^ where the sur&ee of the earth is highly heated by the sun, are often 
Received by the appemaee of water in the distenoe, sarroanded by tfoeeaiid 
villages. In the same manner at sea, the images of vessels at a great diatftiWft 
and below the horizon, will at times appear floating in the atmosphere. Such 
appearances are frequently seen with groat distinctness upon the great Amer* 
ijan lakes. These, phenomena appear to be due to a change in the density of 
the strata of air which are immediaCely in contact with the surface of the earth. 
Thus it often happens that strata resting upon the land may be rendered much 
hotter, and those resting upon the water muOh cooler, by contact with the 
Bur&ce, than other strata occupying more elevated positional Bays, there- 
fore, on proceeding from a distant object and traversing these strata, will be 
unequally reflected, and caused to proceed in a curvilinear direction; and in 
this way an object situated behind a hill, or below the horizon, may be 

brought into view and appear suspend* 
ed in the air. This may be readily 
understood by reference to Fig. 253. 
Suppose the rays of light fixMn tbo 
ship, S, below the horizon to reach 
the eye, after assuming a curvilinear 
direction by passing through strata of 
air of varying density; then, as an 
n olject always appears in the direction 
in which the last rays proceediag from 
it «iter the eye^ two images will be seen ux the direction of the dotted 
limes, one of them being inverted. 

These phenomena may be sometimes imitated. Thus, if we look along a 
red hot bar of iron, or a mass of heated charcoal at some image, a short dis- 
tance fW)m it, an inverted reflection of it will be seen. In the same manner, 
if we place in a glass vessel liquids of different densities, so that they float 
one above another, and look through them at some object, it will be seen 
distorted and removed from its true place, by reason of the unequal refiractive 
and reflective powers of the liquids employed. 

675. The angle of refraction of light is not, 
like the angle of reflection, equal to the angle 
of incidence ; but it is nevertheless subject 
to a definite law, which is called the law of 




of refntdaa 
pqnal to the 
«nf^ of IdoI- 



Sines. 

WlMtisarfaef 



A sine is a right line drawn fW)m any point m one of tha 
lines inclosing an angle, perpendicular to the other lino. 
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Tia. 254. Thus, in Fig. %U, let AB G be an angle; then 

a will be the sine of that angle, being drawn firom 

a point in the line A B, perpendicular to the line 

B C. Two angles may be compared by means of 

their sfaies, bnt wfaenerer this Is done, the lengths 

of the sides of the angles most be made equal, bo> 

caose the sine Tuies in length aooofding to the length of the linee fonmiy 

theanglsu 

The genend law of reftaotioQ Is as fbDows:^ 

Whrt b iiM When a ray of light passes from one medium 
igei^uw of to another, the sine of the angle of incidence 
is in a oonstant ratio to the sine of the angle 
of refraction. 

The proportion or relation between these sines diflbrs when dilferent medU 
are used ; bnt for the same medhmi it is alwajrs tiie same. 



PlO. 266. 
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Thus, In Fig. 265, let F E be the sorftee of 
some refracting medium, as water, and H R, 
H' R, rajs incident upon it, at different angles ; 
the former will be refracted in the direction 
B P; a and 5 wiU be the shies of the angle 
of incidence, and e <f the sines of the angle of 
refraction ; and the quotient arising from di- 
viding d bj c^ is the same as that from divid- 
ing a by d» In the case of air and water, 
tiie sine of the angle of incidence in the air 
will be to tiie sine of the angle of refraction 
in water as 4 is to 3 ; in any two other me- 
dia^ a diflferent ratio woaM be obserred with eqmd oenstenoy. 

The quotient found by diriding the sine of 
the angle of incidence by the sine of the angle 
of refraction, is called the index of refraction. 

As different bodies have different refi-actire powers, they will present di^ 
ferent indices, but hi the same substance it is always constant Thus, the 
refractive index of water is 1.336, of flint glass, 1.66, of the diamond, 2.48T. 
It n^t erer ^^ surface ever transmits all the light which fidls npon it^ 
vMfar traofl- but a portion is always reflected. I( m a dark room, we 
"^*^ allow a sunbeam to fall on the surface of water, the division 

of the B^t into a reflected and reffracted ray will be clearly perceptible. 

wii*i«4 When the obliquity of an iaddent lay passing through a 

emiMtufleswlli denser medium toward a rarer (as throi^gh water into air), is 
inSStht!^!? each that the sine of its refhicting angle is equal to 90°, it 
ceases to pass out, and is reflected from the sur&ce of the 
denser medlnm bade Into it again. This constitutes the only known instance 
of the total reflection of light The phenomenon may be seen by looking 
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fhrough the sides of a tumbler oQataining water, up to the sqrfaoe hi aa 
oblique direction, when the sur&ce will be seen to be opaque, and more re- 
flective than any mirror, appearing like a sheet of burnished silver. 

No law has yet been discovered which will enable vm to 
^^M^^toSi' i^^ ^ ^® rearactive power of bodies from their other quaU- 
enoe the r»- ties. As a general rule, dense bodies have a g^^eater refrac- 
of bodtas?^^ ^^® power than those which are rare; and the refractiTO 
power of any particular substance is increased or diminished 
ih the same ratio as its den^ty Is increased or diminished. Befractive power 
seems to be the only property, except weight, which is unaltered by chemical 
oombination; so that by knowing the refiractive power of the ingredients, we 
can calculate that of the compound. 

All highly inflammable bodies, such as oSU^ hydrogen, the diamond, phos- 
phorus, sulphur, amber, camphor, etc., have a refractive power from ten to 
seven times greater than that of incombustible substances of equal density. 

Of all transparent bodies the diamond possesses the 
greatest refractive or light-bending power, although it is 
exceeded by a few deeply-colored, almost opaque miner- 
als» It is in great part from this property that the dia- 
mond owes its brilliancy as a jewel. 

Many years before |he combustibility of the diamond was proved by ex- 
periment, Sir Isaac Newton predicted, from the circumstance of its high re- 
fractive power, that it would ultimately be found to be inflammabla 

If the surface of any naturally transparent body is made 
rough and irregular, the rays of light which fall upon it 
are refracted and reflected so irregularly, that they fail to 
penetrate and pass through the substance of the body, 
and its transparency is thus destroyed. 

Glass made rough on its sur&oe loses its tranq;)arenpy; but if we rub a 
ground glass sur&oe with wax, or any other substance of nearly the same 
optical density, we fill up the irregularities and restore its transparenpy. Horn 
is transhioent, but a horn shaving is nearly opaque. The reason of this is 
that the surface of the shaving has been torn and rendered rough, and the 
rays of light &lling upon it are too much reflected and refracted to be trans- 
mitted, and thereby render it translucent On the same principle, by filling 
Qp the pores and irregularities of the surfiKse of white paper, which is opaque, 
with oii^ we render it nearly transparent 

How te refrme. Accordiug to the uudulatory theory of light, 
^n •eoooirted pefraction is supposed to be due to an altera- 
tion in the velocity with which the ray of light 
travels. According to the corpuscular theory, it is ac- 
counted for on the supposition that different sub8ta^ces 
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exert different attractire ioflaences on the particles of 
light coming in contact with them. 

wbaticDiop- That department of the science of optics 
***** which treats of the refraction of light is termed 
Dioptrics. 

wtei mmm ^76. When a ray of light passes through a 
^i^fhr^gh transparent medium whose sides where the 
SrfliT&SJTf" ™y enters and emerges are parallel, it will 
suffer no permanent change of direction by 
refraction, since the second surface exactly compensates 
for the refractive effect of the first 

Fia. 266, ^^ let A A, Fig. 256, be a pkte of 

glaea, whose sides are parallel, and B C a 
raj of light inoideot upon it ; it will be re- 
fracted in the direction C D, and on leavii^ 
the glass will be refracted again, emeiging 
in the lino D JS, parallel to the oourse it 
ireuld hare pursued if it bad not been re- 
fracted at all, and which is shown by the 
dotted line. A small lateral displacement ia^ 
however, occasioned in the path of the raj, 
depending on the thickness of the glass 
plate. 
This explains the reason why a plate of 
glass in a window whose soriboee are perfectly pamUe], oocaauns no distor* 
tion, or alteration of the position of objects seen through it^ by reason of its 
refractive power. The rays suffer two refractions in contrary directions, which 
produce the same effect as if no refraction had taken place. 

What hanteM ^^ ^^^ surfaccs of the medium through which 
J^, thrSfgh I'g^*^ passes are not parallel, the direction of 
m!rf^a^^t every ray passing through it is permanently 
paimiteir altered, the change being greater as the incli- 

nation of the two surfaces is greater. 

Thus window-glass of unequal thidcneas displaces and distorts all ofcjeota 
seen through it Hence the singular distortion of objects viewed tbioufl^ thai 
swelling, or hmp of g^ass known as the " bull's eye," which is sometimes 
seen in the center of very coarse panes of glass, and which reinains where 
the glass-blower's instrument was attached. 

WhAt Is m 677. Any glass having two plane surfaces 
^'^^^ not parallel, ^ called a Prism, 
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An cndinarfly oonstracted, a pUsn is aa I^ck 25T. 

obloBg, triangular, or wedge-shaped piece of 
glass, with sides indmed at any angle, aa 
is represented in Fig. 257. 

Explain thea^ ^ ^^'^"^ through a 

tlon of the prism, all objects are seen 

priraa. removed from their true 

placa Thu8| let C A B^ Fig. 258, bo a prism, and D B a ray of Hght inci- 

Fia. 258. dent upon it ; it will be refracted ia 

the direction E F, and on emerging, 

c cv.^^ /\ will again be refracted in the direo- 

^^""'^./ \ ^^^^ ^ ^5 *°d as objects always 

r/'^\r appear in the direction in which the 

^' ^ m T*^^ iL ^*^ ^y^ enters the eye^ the object 

O^""^^ ^^"^^ D will appear at G, in the direction 

of the dotted line, elevated above its 
)eal position. If the refracting angle, A C 6, had been placed downward, 
the object would have appeared as much depressed. 

The prism, although of simple construction, is one of the most Imporbant 
of opfiod instruineiits, and to its agency we are indebted for most of the in- 
formation we possess respecting the nature and constitution of light The 
beautiful and complicated results of its practical application belong to that 
department of optics which treats of the phenomena of color. 

678. A Lens is a piece of glass or other 
transparent substance, bounded on both sides 
by polished spherical surfaces, or on the one side by a 
spherical, and on the other by a plane 8ur£a,ce. Bays of 
light passing through it are made to change their direc- 
tion, and to magnify or diminish the appearance of objects 
at a certain distance. 

How Humy Thcrc are six diflferent kinds of simple lenscH, 
toutfu«ttlw«r ^ of which may be considered as portions of 
the external or internal surface of a sphef^ 
Four of these lenses aire bounded by two spherical sur- 
faces, and two by a plain and spherical surface. 

Fig. 259 represents sectional views of the eix varieties of simple lenses. 

Explain «ied!f. ^ double couvcx Icns is bounded by two 
iSJei.""****' convex spherical surfaces, as at A, Fig. 259. 

To this figure the appellation of lens was first applied from 
its resemblance to a lentil seed (in Latin, \eski), 

A plano-convex, or single convex lens has one side 
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boonded by a plane surfiioe, and the otber \)j a convex 
■oifiice. It is represented at B^ Fig. 259. ' 

Tvk 259. 

I)) IK 

A meniseos, or concaTO-convex lens is convex on one 
side and concave on the other^ as at C, Fig. 259. 

To this kind of lens the term **perieoopic** has recently been applied, from 
the Gieek, ngni^g to view on all sides. 

A doable concave lens is concave upon both sides, as 
at D, Fig. 259. 

A plano-concave, or single concave lens, is bounded on 
one side by a plane, and on the other by a concave sur- 
fiftce, as at £, Fig. 259. 

A concavo-convex lens is bounded on one side by a 
concave, and on the other by a convex suiface, as at F, 
Fig. 259. 

Into boir mnr ^^ suL Varieties of simple lenses are divided 
tmSa u^ into two classes, which are denominated con- 
^^^^^ verging and diveiging lenses, since the one 

class renders parallel rays of light falling upon them con- 
vergent, and the other class renders them divei^nt. 

In Itg. 259 A B are oonveiging, or collecting lensea^ and D E F diverg- 
fatg^ <x dispersing lenses. The former are thickest at the center; the latter 
•re thinner at the center than at the edges. 

In the first dass it is soffident to consider only llie doohle-oonTex lens^ 
and in the second dsas coif the double-concave leni^ since the properties of 
each of these lenses applj to all the others of the same dass. 

For optical purposes lenses are generally made of glass, but in soma 
instances other substances are employed, such as rock-crystaJ, the dia- 
mond, etc. 

What 18 iu 111 aU the various kinds of lenses there must 

SateL.?"'* te a point through which rays of light passing 

experience no deviation ; or in other words. 



BsrKAJCTi(»r or u<mx. 821 

the incident and emergent rays are paraUeL Snch a point 
is called the optical center of a lens. 
What If the ^be axis of a lens is a straight line passing 
axisofaieiuir through the center perpendicular to the sur- 
face of the lens. 

When iB m lens ^ ^^^^ ^^^^ ^^ ^ sitoated the geometrical cetera of the 
eonsidered ez- two sur&ces of the lens, or rather of the spheras of ^ihich 
•cUy centered? they form portiooB. 

/ A lens ia aaid to be truly or exactly centered Vhen its optical center is sit- 
nated at a point on the axis equally distant from corresponding parts of the 
surface in e^ery direction ; as then objects seen through the lens will not ap- 
pear altered in position when it is turned round perpendioalKrly to its axis. 

In what man- 679. Parallel rays of light falling upon a 
SJs'^ffiSSd double-convex lens are converged to a focus 
lens? ^^"^^^ ** * distance varying with the curvature of 
its sides. 

Fig. 260. ^e double-conTex lens may be regarded as 

two prisms, with curved sur&oes, united at 

Al their bases, as is represented hi F%. 260; 

Jm^L^^ And as in a prism the ray of Hght refhu^d 

I^K^""""*"-^^.^^ by it is always turned toward its back, or 

. 1^ J^^ tl^cker part (whether that be turned upward, 

|Hh ^ — downward, or to cither aide), it follows that 

^ ll/'^ when parallel rays &11 upon a double-convex 

W^ lens, or two prisms united at their bases, they 

will conyerge to a point 

What to the Th© point where parallel rays of light fall- 
S?°?*^^ex ing ^po^ o^® ^^^^ ^^ * convex leos unite by 
^•^^ refraction upon the opposite side, i» called tho 

principal focus of a lens. 

What to the The distaucc from the middle of a lens to 
ofJtonsf"** its principal focus, is called the focal distance 
of a lens. 

This in a single convex lens is equal to the diameter of the sphere of whieh 
the lens is a portion ; in a double-convex lens it is equal to the ndins, or 
semi-diameter of the sj^ere of which the lens is a portion. 

The focal distance of parallel rays falling upon a convex lens is repre- 
sented at A, Fig. 261. If the rays aje converging, as at B, they will come 
to a focus sooner, and if diverging, as at 0, the focos will be ftirther finom the 
lens than for parallel rays. 

The focus of a convex lens may ]^ easily found by allowing the rays of 
the sun to &I1 perpendicularly upon one side of it, while a sheet of paper is 

14* 
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held ODtho other. A bright ring of light win 
be observed on the paper, diminishiog or in- 
creasing in size according to the distance of 
tlie paper from the glass. If the former is held 
in such a manner that the ring of light is re- 
daced to a dazzling luminous point, as is rep- 
resented in Fig. 262, it is then sttoatwl in the 
€)cu»of theglaai. 

On what prin. 680. From theiF prop. 
^ItiSS.'^S; erty of converging par- 



Fia26l. 





How does <h« 
heat at the fo- 
unt of a bom- 
ing-gUuM com- 
pare with the 
htatoffelMMmf 



h^fiiii?™" all«l rays to a focus, 
convex leDses, like con- 
caye mirrors, may be used for the 

Fig. 262. production of high temperatures, by con- 

centrating the rays 0f the sun. 

The ordinary burning, or ^on-glass, as is represented 
in Fig. 262, is simply a doublcKK)nvex lens. By the 
employment of very large lenses, a degree of heat 
may be produced &r exceeding that of the best con- 
structed furnace.* 

In the employment of convex lenses as 
burning-glasses, the heat concentmted at the 
focus is to the common heat of the sun, as 
the area of the surface of the lens is to the 
area of the focus. 

Thus, if a lens four inches in diameter collects the sun's rays into a locus at 
the distance of twelve indies, the focus will not be mum than one tenth of aa 
inch in diameter; its sui&oe^ therefore, is 1,600 times less than the sur&oe 
of the lens, and'consequently the heat will be 1,600 times greater at the focus 
than at the lens. 

681. The properties of a concave lens are. greatly dif- 
ferent from those of a convex lens. 

Bays falling upon a concave lens are so re- 
«oa^ <^ ra^ fractcd in passing through it, that they diverge 
d'JifJbS °^n* on emerging from the lens, as though they 
careieiisr issucd from a focus behind it. The focus, 

* A teiM of thlccharaefeer was oonstrneted many yean rinee in England, three feet In 
diameter, with a focal distanoe of six feet eight Inches. Exposed to the heat concentrated 
In the focus of this powerful instrument, the metals were instantly melted, and ereo toU 
atiUsed, while qnarts, flint, and tha most rtfraetory Mrtfay mlMtaooaa, wen readily 
tqacflod And oftosed to boil. 
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therefore, of a concave lens is not real, but virtual, as is 
the case with a convex mirror. 



Fio. 263. 



Thua, in Rg. 263, 
the parallel rays, a b 
c (2 e!y eta, fijliog upon 
the double concaye 
lens, L I/, are [^ re- 
fracted in passing 
through it, that thej 
are made to diverge^ 
as though proceeding 
from the point E, be- 
hind the lens. 

In a mmiiar man- 
ner convergent rays are rendered less convergent, or even i>aral]eL 

Do conrex 682. Imagcs are formed in the foci of con- 
i^e^rUJ!! vex lenses in the same way as in the foci of 
tion of imageef coucavc mirrors. 

Thus, if we take a convex lens and place behind it^ at a proper distance, a 
sheet of paper, there will be depicted upon the pap;r beautifully clear and 
distinct images of all the objects in front of the lens, in an inverted position. 
The manner in which they are formed is illustrated in Fig. 264. 




Fig. 264. 




De^be the Thus, let AB 

fbniDitioa of represent an ob- 
ISniLS"' ject placed be- 
fore a double 
convex lens, E P. The rays 
proceeding fiiom A, the top of ^ 
the object, will be converged 
by the lens and brought to a 
fixnifl at D, where they will 
form an image; the rays pro- 
ceeding from B, the base of the object, will also be converged and brought 
to a focus at C ; and so each pomt of the object, A B, will have its corro- 
«ponding image between C D. In this way a complete image will be formed. 

The image formed by a convex lens will ap- 
pear inverted, because the rays of light froin 
the several points of the object cross each 
other in proceeding to the corresponding points 
of the image. 

Thus, in Pig. 264, the ray, A E, proceeding from the top of the object and 
fiUling obliquely upon the lens, is refracted into the course E D, and in lik« 
hianner the ray B P id refracted m the direction P C ; and as these rays croaa 



Why are the 
I irn^es formed 
by oonvex 
lenses invert- 
edf 
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each other, the image of the arrow appears inverted. Tbe oentral raj of light 
prooeeding from the object in the direction of the axis G, and fiiJling perpen- 
dicolarlj upon the sor&oe of the lens, undergoes no refraction, but continues 
on in a direct course. 

The images thus formed by convex lenses maybe rendered 
MM foraLJn^ 'v^hle by bemg received upon white screens^ or any suitable 
eonrez leoMi objeds^ or directly hy the eye, wbaa placed in a proper posl- 
bc^msde viirtF ^^ ^ receive the raya. 

When, by the employment of the convex lens as a burning 
gbsB^ we concentrate on any suitable surface, the sun's rays to a focus, the little 
lummoQs spot, or drcLe formed, Is really an image^ or pictuie of the sun 
llaeli: 
/^whT an eon. 683. CoDYex leiuses, as ordinarily used, are 
•TifttgiSySSr ^^^ magnifying-glasses, because tbey in* 
oiAMesr crease the apparent size of the objects seen 

through them. 

The reason of this is, that the lens so alters, 
wJa **"ieni by rcfractioD, the direction o£ the rays of light 
''**°^ proceeding from an object, that they enter the 

eye as if they came firom points more distant from each 
other than is actually the case, and hence the object ap- 
pears larger, or magnified. 
,^ ^ On the contrary, the concave lens, which 

Why doe* » •;' . «. • 

ThSTh '*** produces an exactly opposite effect upon the 
•P!»r^»i«e rays of light, causes the image of an object 
seen through it to appear smaller. 
On the same principles also, concave mirrors magnify, and convex: mirrora 
diminiiih the images of oljects reflected from their surihoesL 

Hence the magnifying or diminishing power 

the maenifymg of leuscs is uot, as is ofteu popularly supposed, 

]Mnr«r of toiuetr duc merely to the peculiar nature of the glass of 

which they are made, but to the figure of their 

surfaces. 

The double convex lens^ inclosed in a convenient setting of metal or horn, 
h extensively employed l^ watch-makers, engravers, eta, with whom it 
passes under the general name of len& 

How nuty eon. 684. In addition to the effect which convex 
de?dSunt'SbI lenses produce by magnifying the images of 
)ectavidbier objects, they are also capable of rendering 
distant objects visible which would be invisible to the 
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Explain more 
fkilly the action 
of the convex 
lensinthiire- 



naked eye, by causing a greater number of rays of light 
proceeding from them to enter the eye. 

The light which produces yision, as will bo more fully ex- 
plained hereafter, enters the eye through a circular opening 
called the pupil, which is the black circular spot surrounded 
by a colored ring, appearing in the center of the front of the 
eye. Now, as the rays of light proceeding from an object 
diverge or spread out in every direction, the number which will enter the eye 
trill be limited by the size of the pupiL At a great distance from an object, 
«8 will be seen in Fig. 265, few rays will enter the eye ; but if, as in Fig. 266, 
we place before the eye a convex lens of moderate size, a large number of 
the diverging rays will be collected and concentrated into a single point or 
fecos behind it) and thus afford to the eye occupying a proper position suf^ 
dent light to enaUe it to see the distant object distinctly. 

Fio. 265. 




Fig. 266. 



In like manner a concave mirror, by causing divergent rays which faD 
upon the sur&oe to become convergent^ may be used to produce the same ef« 
fect^ as is shown in Fig. 267. 

Fio. 267. 




SECTION III. 

THE ANALYSIS OF LIGHT. 

685. It has, up to this point, been assumed, that light is a simple substance, 
and that all its rays, or parts, are refracted bi precisely the same manner, and 
therefore suflfer the same changes when acted upon by transparent media. 
This, however, is not its constitution. 
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What ii th« White light, as emitted from the sun, or 
?hito^° *^ ^f 0™ ^^7 luminous body, is composed of seven 
different kinds of light, viz., red, orange, yel- 
low, green, blue, indigo, and violet. 
whKt ii the ^he seven different kinds of light produce 
originafooiorf g^^^^ different colors, viz,, red, orange, yellow, 
green, blue, indigo, and violet. These seven colors are 
called primary colors, since by the union or mixture of 
some two or more of them, all other colors, or varieties of 
color are produced, 
noir ii light The separation of white light into its sev- 

•^^■®**' eral parts is effected by means of a prism. 
When a ray of white light is made to pass through a 
prism, each of the seven rays of which it is composed 
are refracted, or bent out of their course differently, and 
form on an opposite screen or wall an image composed of 
bands of the seven different colors. 
What Is tin 686. The image formed by a ray of white 

speotrumf jjgj^^ passiug through a prism, is called the 
Solar, or Prismatic Spectrum. 

Fio. 268. 




The separation of a ray of solar light into different colored rays, by refrac- 
tion, is represented in Fig. 268. A ray of light, S A, is admitted through 
an aperture in a shutter into a darkened chamber, and caused to fall on a 
prism, P. The ray thus entering would, if allowed to pass unobstructedly, have 
moved in a straight line to the pomt K, on the floor of the room, and there 
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fimned a dicular dktt of white light ; bat by the interpositioii of the prism 
the ray spreads oat in a fan-shape, and forms an oblong colored image on the 
opposite wall Tlus image, called the sohir spectrum, is divided horizontally 
into seven colored spaces, or bands, of unequal extent, which succeed each 
other in an invariable order, vi&, red, orange^ yellow, green, bhie, indigo, violet 

tTponwhatdoet The Separation of the seven different raya 
ifVwto^S composing white light from one another, do- 
depend r pends entirely upon a difference in their re- 

frangibility in paasing through the prism ; those which 
ore refracted the least falling upon the lowest part of the 
screen^ and those which are refracted the most upon the 
upper part 

Thus the red raya^ whidi are the least refiracted, or the least turned from 
their course by the prism, always occur at the bottom of the spectrum, while 
the violet) which is the most refracted, occurs at the top; the remainmg colors 
being arranged in the intermediate space in the order of their refrangibility. 
wTiateddWoMi The scveu different rays of light, when once 
SfThewmpod! separated and refracted by a prism, are not 
joo^^of white capable of being further analyzed by refraction ; 
but if by means of a convex lens they are col- 
lected together and converged to a focus, they will form 
white light. 

If the spectrum formed by a prism of glass be divided into three hundred 
and sixty parts, it is found that the red ray, or color, occupies forty-five of 
those par* , the orange twenty-seven, the yellow forty-eight, the green sixty, 
the blu- sixty, the indigo forty, and the violet eighty. 

If we take a circle of paper and paint upon it in divisions of proportionate 
size the seven colors of the spectrum, and then cause it to rotate rapidly about 
a center, the colors by combination will impart to it a white i^pearance.* 
From this and other experiments, therefore, it is inferred that light which we 
call colorless, or white (as that coming immediately from the sun), really con- 
tains light of all possible colors so mixed as to neutralize each other. 

687. The separation of the different rays of light which 
iakes place in their passage through a prism, is designated 
by the term Dispersion. < 

Explain what '^^ order of refrangibility of the seven different rays of 
IsnieaDtbythe light, or the arrangement of the seven colors in the spco- 
er^'^iftjrOTit *™™» ^ always the same and invariable, whatever way the 
iubrtaiieea. prism may be turned ; the lower end of the spectrum being 

* It !■ very common to find it stated in books of science that by mixing powders of the 
seven different colors together a white, or grayish-white compound may be produced. 
The experiment, is not, however, SHtisfkctory 
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red, which paaet apwaid intp orange, then into jeOow, then green, Uoe^ 
indigo, aod yiolet) which ia at the upper end. 

DJMJmilar aobatanoea, howerer, produce apectra of different lengths, on ao- 
oonnt of n diffeieDce in their reftaetiye pnqwrtiea. Thna a raj- of light tia- 
Tecsnng a priam of fliiit-glaai^ will have ita red akd yiolet cekNra aeparaled on 
a acreen twice aa widelj aa thoae of a raj paasing throogh a aimilar priim 
of crown-glaas. This difference is expressed by sajing that the dispersive 
power of the two substaaces is different, or that flint-glass has twice the dis- 
pGraivo power of crown-glasai 

Wh wfn Ml ^ > ^^ ™aj ^ eonaidered aa a modification of tbe 
an ordinar/ priam^ it follows that when light is refracted through a len^ 
iMtffJS^^MtfMf ** ^ separated into the different colors, preciselj aa by a 
prism ; and as every raj contained in white light is refracted 
differentlj, everj lens, of whatever substance made, will have a diffisrent Ibcoa 
lur overj different color. Hie images, therefore, of such lenses will be more 
or leas indistinct, and bordered with colored edges. Thia hnperfection ia 
termed chromatic aberration. 

For this reaaon the focua of a buming-glaaH, which ia an optical image of 
the sun, is never perfectlj distinct, but alwajs confused bj a red, or blue bor« 
dor, since the various-colored raja of which sun%ht ia composed, can not 
all be brought to the same focus at once. In a like manner, if we point a 
common telescope at a blue and red hand-bill at a short distance, we shall 
have to draw out the tube of the inatrument to a greater length in order to 
read the red than the Una letters. 

«... ^«. These fringes of color are a moat serioua obatade to the 

eoMtraetlon of perfection of optical instruments, espcdallj m astronomical 
an Mhromatle telescopes, where great nicetj of observation is required ; and 
to prepare a lens in such a waj that it would .fract light 
without at the same time dispersing it into colors, was long considei 5 an im- 

possibilitj. 

The discovery waa, however, made bj Mr. Dollond, 
an Englishman, that bj combining two lenses, formed 
of materials which refract light differentlj, the one 
might be made to counteract the effects of the other; on 
the same principle as bj combining two metals together 
which expand unequally, we maj construct a pendu* 
lum whose length never varies. 

Such a combination is represented m Fig. 268, where 
a convex lens of crown glass is united with a concave 
lens of flint glass, so as to destroy each the dispersive 
power of the other, while at the same time the refract- 
ing, or converging power of the convex lens is pre- 
served. A lens of this character is called Achro- 
matic,* since it produces images in their natural 
colorsL 
" Achromatie, from a, not, and x/^ciffia, color. 
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whatiispiieri. Lenses are also subject to another imperfec- 
eai abemtionr ^Jq^^ which is Called spherical aberration. This 
arises from the fact that the carved surface of a lens is at 
unequal distances from the object and from the screen 
which receives the image formed at its focus ; and hence, 
if one point of the image is perfect, another point is less 
BO, owing to a difference in the convergence of the rays 
coming from the center and the edges of the lens. . 

Thus, if the image is received on a screen of ground glass, it will bo found 
that when the picture is well defined at the center, it will be indistinct at the 
edges; but by bringing the lens nearer the screen, the edges of the image 
will be more sharply defined, but the middle is indistinct To make the Im- 
age perfect, therefore, the mai*ginal portions of the lens should be covered with 
a cSrdet of paper, so as to permit those rays only to pass which lie near the 
axis of the lens. This plan, however, impairs the brightness of the image. 

When the image formed by the lens is small, the effect of spherical abemitiaa 
is scarcely noticed, and by combination of lenses of different refi-active powers, 
it may be almost entirely overcome. 

688. The various rays composing solar light 
e^ghteqiuS? aro uot all equally luminous, that is to say, 
they do not appear to the eye equally brilliant* 
The color most visible to the human eye is yellow. 

The luminous intensity of the different colored rays of light may be ex- 
pressed numerically as follows: — Red, 94; orange, 640; yellow, 1,000; 
green, 480; blue, 170; indigo, 31; violet, 6.* 

689. According to some authorities, white solar light 
consists of only three colors — red, yellow and blue, which, 
by combining, produce the other four colors, orange, 
green, indigo and violet. 
What are ■am«. ^^> ycllow, and blue, are, therefore, some- 



2j««^^Jj*« times called the simple colors. 

Thus, by the union of red and yellow, we may produce 
orange; by yellow and blue, green; by blue and red, violet; indigo being 
considered as merely a shade of blue. Bed, yellow, and blue, on the contrary, 
• can not be produced by the mingling of any two other colors. 

When blue and yellow powders are mixed together, blue and yellow Atys 
are reflected to the eye from the minute particles, but the two colors are so 

* It vould i^pear, from numeroas obaerrations, that soldiers are shot daring battte 
aoeording to the color of their dress in the following proportion :— red, 12 ; dark green, T; 
brotm, 6; bluish graj, 5, Bed Is therefora the moat fatal color, and a light gray tha 
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mingled tiiat the eye only notJosB (he oomUned eflbct, which is greexi. If we 
DOW examine tho same mixture with a microsoope, the blue and yellow par- 
ticles will be seen separately, and the green color wfll disappear. 

690. The natural color which an object 
ui^^oHecte exhibits when exposed to the light, depends 
upon the nature and arrangement of the par- 
ticles of matter of which it is composed, and is not the re- 
sult of any quality inherent in tbe object itself 

Bodies which naturalty exhibit color have, by reason of 
a certain peculiar arrangement of their surfaces, or mole- 
cular structure, a greater preference for some qualities of 
light than for others. If the body is not transparent, it 
will reflect certain rays of light from its surface, and ap- 
pear of the color of the light it reflects ; if tbe body is 
transparent, it will allow only certain rays to pass through 
its structure, and will consequently appear of the color of 
tbe light it transmits. 

' Thus a red body appears red because it reflects or transmits the xed^ray oC 
solar light to the eye; and a yellow body appears yellow became yellow 
light is. reflected or transmitted by its sui&oe or strticture more powerfully 
than light ef any other oolor; and so on through all the cobrsL 

It is not, however, to be understood that colored bodies reflect or transmit 
only pure rays of one color, and perfectly absorb all others; on the contnny, 
it has be^ found that a colored body reflects, in great abundance, those rays 
of light which determine its particular oolor, and also the oth^ rays whidi 
make up white light in a greater or less degree, in propot^OD as th^ more 
or less nsemUe its coior in the order of their refraagibSlity. 
ir%0nii«bod7 ^™® substances have no preference for any one quality of 
eoiortMflTvhea light more than another, but reflect or absorb them all 
vhra black?* eqoaMy ; 8«ch are called neutr4 or colorless bodies. Those 
substances which reflect aU the rays of light which M upon 
them appear white ; thoee which absorb all the rays appear black. 

In the dark there is no color, because there is no light to be absorbed er 
reflected, and therefore none to be decomposed. 

A glass is called red because it allows the red rays of light to penetraU 
through a greater thickness of its substance than the other rays ; but at a cer- 
tain thickness, even the red rays would be absorbed like the rest, and we 
should call tbe glass black. 

No body, unless self-luminous, can appear of a color not existing in tho 
light which it receives. This may be proved by holding a colored body in a 
ray of light which has been refracted by a prism, when tbe body will appear 
of the color of the ray in which it is placed; for since it receives but one coir 
ored ray, it can reflect no other. 
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May the color 691. By chaogitig the' structtire or molecu- 
^i!^* ^ lar arrangement of a body, the color which it 
^l^uiSJ^'^ exhibits may be often changed also. 

Btructure? Illustrations of this principle are fireqaently seen In chem- 

ical compounda The iodide of mercuiy is a beantiftil scarlet compound, which, 
when gently heated, becomes a bright jdlow, and so remains when undis- 
turbed. I^ however, it is tonehed, or scratched with a hard substance, as 
with the point of a pin, its partt<des torn over, or readjust themselves, and 
cesome their original red oolor. Chameleon mineral is a sdid substance pro- 
duced by fiisbg manganese with potash ; when dissblted in water, it changes, ^ 
aoeording to the amount of dilution, from green to blue and purple. Indigo 
alsQ^ spread on ps^r and exposed to heat, becomes red. 

692. Some bodies have the power of reflecting from their 
surfaces one color while they transmit another. 

This is the case with the precious .opaL A solution at quimne hi Wttter 
containing a little sulphuric acid, is colorless and transparent to the eye look- 
ing through it, but by looking at it, it appears intensely blue. An oil ob- 
tsunod hi the distillation of resin transmits yellow light, but reflects violet 
light Smoke reflects blue light, but transmits red light These phenomena 
result from a pecuHar action of the sur&ce or outer layer of the substance 
of the body on some of the rays of fight entering it, mid have received the 
name of epipoUcy or sur&ce dispersion. 

Deepness of color proceeds fl!om a deficiency, rather than from an abund- 
ance of reflected rays: thoe^ if a body r^ects only a few of tiie red rays, it 
win appear of a dark red color. When a great number of rays are reflected, 
the cdloT will appear bright and intense. 

If the obfeets of the material worid had been illuminated only with white 
light, aU the partioles of whleh possessed the same degree of reflvngibility, 
and were equally aeted upon by all substsnces, the general appearance of 
nature would have been dull. Mid idl the combinations of external objects, 
ond all the features of the human countenance would have exhibited no other 
variety than that which they posses in a pencil sketch or India-mk drawing. 

What are com- ^93. Any two colors which are able,hy com- 
ptementary bining, to producc whito light, are termed 
complementary colors. 
Each color of the solar ray has its complementary color, 
for if it be not white, it is deficient in certain rays that 
would aid in producing white. And these absent rays 
compose its complementary color. 

The relatlv© position of complementary colors in the prismatic spectrum may 
be determined as foflows? Thus, if we take half the length of a spectrum by 
a pair of oompasaes, vid fix one leg oa 8ny oolor, the other leg w31 fall upon 
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Iti onBW|iliiinn>iir/ oofer, or ttpoa tho one which a4ded to the fint will pro- 
dooe white light The oomplementaiy color of red le bluiah gpneen ; of 
onmge is blue; of yellow is indigo; of green ia reddish yiolet; of blue ia 
onngered; of Indigo is orange yellow; of yioiiet iByeUowgreen; of UaokiB 
white; of whit« is btMic 

OomplanientMy oolon nay be seen by Azmg the ey steadily upon an/ 
oolorad olqeott sooh as a wafer opon a sheet of white paper. A liog of col- 
ored light will play round the wafer, and this ring will be ccmplffaaentary to 
the oolor of the irafeSi A fed wafer will glTO a green ring^ a Une wafer an 
«nog»<<»lond ring^ and so oik Or i( after hayii^ regarded tiie odored wafer 
steadily fer a few moment^ the eye be olosod, or turned away, it will retain 
the impression of the wafer, not in its own, but in its oomplenwntaiy odor ; 
thus a red wafer will give »green r^, and so on. 

In like manner, if we look at a red hot fire for a few minutes^ eyery olgect 
as we turn away i^pears tinged with bluish green. 

The art of harmonizing and contrasting colors is intimately oonnected with 
fha p rindp tos of oo m p to ssentaiy ooIohl 

How do colon Everj color placed beside another color is 
JjJ^j2w22r clianged, and appears differently from what it 
does when seen alone ; it equally modifies, 
moreover, the color with which it is in proximity* 

As a general rule, two colors will appear to the best 
advantage when one is complementary to the other. 

Thu% if a dress is oamposed of dothaof two colors, the one oompleBientBiy 
to the other, as red and green, orange and blue^ yellow and yiolet, they wfll 
mutually heighten the effect of each, and make each portion appear to tho 
best advantage. For this reason, a dress composed of cloths of diffwent 
oolor^ kxiks well for a much longer timev althoogh won^ than one of a single 
color, the character of the febrio being the same m both instsnoes. 

A suit of^slothes of one color can be worn to advantage on]y.wh«i it Is 
new, because as soon as one portion of the suit loses its fifoshnesi ftom hav- 
ing been worn kmger than another, the difference will increase \fj contrast 
Thus a pair of new black pantaloons worn with a vest of the same color, 
whidi is old and rusty, will make l^e tinge of tbe latter i^spear more ooa- 
s^cnous, and at tbe same time the black of the pants will appear nefe 
brilliant White and other light-col<Mned pantaloons would produce a contraiy 
afieot 

In printfaig letters OD colored paper, the best elifect wOl be prodnqadwheii 
the color of the paper is complementaiy to the ink; blue should be pot upon 
orange, and red upon green. 

Stains will be lees visible on a dress of different colon than on one com- 
posed of only a single color, since there exists m general a greater contrast 
among tho various parts of the first-named dresa, than between the stain and 
tiie adjacent part, and this difference renders the stain lessapparonttothe eya. 
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la the gfo q pi i ^ of flowera in gardenfl, and in tiie pr qi ar at io n of bouquet^ 
the most pleaaiDg eflfects will be produced by piecing the bhie flowen next 
to the orange, and the riolet next to the yeilow. White, red, and pink 
flowers are never seen to greater advantage than wken sunoonded with green 
leaves, or white flowere ; on the other hand, we ahooid always separate pink 
flowers from those th«t ere either eoarlet or crimeoB ; orange, from onnge- 
yeUoW flowers ; 7«lk>w flowers fliom greenish-yeilow flowera; blue from violet* 
Mue, red from orange, pink fWmi viokt. 

By groQpingt!olon together which are not eoio|d«meiitaiy, or whk^h do sol 
rigbUy contrast witti each other, we produce a diaoordaatt efitetupon the eye^ 
analogotii to the ^feoord which is produced upon the ear by faittnwieots out of 
tone. It is always no eeM Hii y that, if one part of the dress be highly ornaaaented, 
or conrists of various colors^ a poitioB should be plain^ to give lepoae to the eye. 

Black behig the complementary ookM* of white, the effect of blaek drapery 
upon the color of the skm or fiwe is to make it appear pals^ or whiter than it 
usually i& 

The optical eflbct of dark and black dresses is to make liie figure appear 
amafier; henee it is asuilable color for stout persons. On the contrary, white 
and Bght-ookMed dresses make persons appear larger. Large patterns or de- 
signs upon dress, make the figure appear shorter: longitudinal stripes, if not 
too wide, add to the height of the figure; horizontal stripea have a oontraiy 
tendency, and are very ungraceful* 

whatisaBaia- ^^ ^^^ Baiubow IS a semicirctilar band 
^^* or arch/eemposed of the seven diflFerent colors, 
generally exhibited upon the douds during the occoxrence 
of rain in sunshine. 

Hmrteanin- The itimbow is pioduced by the refraction 
bowprodaeed? ^^^ reflection of the solar rays in the drops of 
falling rain. 

* The foUovlqg cbHoiui fMts an known to peraoM employed in trade ^— ** When a pvr- 
ehaaer has for a eonaiderable time looked at a yellow fabrie, and la then shown orange or 
eearlet stnlh, he eonrideni them to be amaranth-red, or crimion, for there to a tendency 
In the eye, exelted bjytilow, to lee violet, wheaee all the yeUow of the Mailet er erange 
«oth dlwppenn, and the my^mm red, or red tinged with eearlet. Again, if there are 
preeented to a buyer, one after another, fourteen pieces of red dotii, he will eondder the 
last aiz or seven less beantiftil than those first seen, althongh the pieces be identically the 
■ame. Now what Is the cause of this error In Judgment? It is that the eyes haying 
seen seven or eight red pieces in sueeession, are in the same condltlaa as If they hid 
regardedfiaedlrdaring the Mmeyaifad of time a iii«le piece ef red cloth; tbeyhavs 
then a tendency to see the eomplementary color of red, that is to say, green. This tend* 
eney goes, of necessity, to enfeeble the brilliancy of the red of the pieces seen later. In 
order that the merchant may not be the snlTerer by this failing of the eyes of his cm- 
tomer, he must take care after having shown the latter seven pieept ef red, to preasnt to 
Mm some pieces of green elolh, to restore the «ytf to their natural state. If the sightof 
tha green be sufficiently prolonged to ezoeed the normal state, the eyes will acquire a 
tendency to see red; then the htft leveo pieces will appetr more beentlftil than th« 
eChers.**— CAMTeuI on Cblor. 
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696. Baiabowi are also fonueA wfaeo the win sbiiies upoo drops of wster 
fidling in qoaatity torn fiMUitaiiifl» water&Ua^ paddle-wlieela, eta 

That the rainbow reeults from tbe deoompodtion of the solar 
rays by drops of water, may be proved by the following sim- 
ple esqwrimenlt^If we take a glass globe flUed with water, 
and suspend it at a oertain hmght in tiie solar rays above tbe 
9f^ a specfeatGr standing with his back to the son will see 
the refraotkm and reflectkm of red light; i^ then, tiie gk>be be kmeied 
abwly, the observer retaining his positicm, the red li^ wOl be replaced 
ly orange, and this h» its turn by yeUow, and so oo, tbe i^obe at dif> 
ferent heights presenting to theeye the seven primitive oolors in tuo o io s Bion , 
If now, in tbe place of the globe oonqiying diffiarent poei t tona^ we pib- 
stitote drops of water, we have * ready explsnaTion of the phenootena of 
the rainbow. 

Drops of rain, suspended to grass or busbee^ msy be frequently ftmnd to 
appear to the eye of a bright red ; and by slightly changing the position of the 
ejre, the colors of the drop may be made to appear sucoesaively yellow, green, 
blue^ violet, and also colorless. This also proves that nyrs of li^ &lUng In 
oertain directions upon drops of water, are refracted thereby and deconqpoaed 
into colored rays that become visible to the eye when it is situated in tbe 
proper directioo. 



Fig. 269. 



Theprincq)]fisofthe 
fi^rmation of the rain- 
bow may be ftorther 
illuatratedbyFig.269. 
LstABandCbnthree 
drops of rain; S A, 
& B, and S 0, three 
rays of the snn. The 
ray 8 A, by refraction, 
is divided into 1|ir^ 
coIots; the blue and 
yellow are bent above 
the eye^ D, and the 
redenteisit 

The ray, 8 B, is di- 
vided into three col- 
ors,* the bine is bent above the eye, and the red falls below the eye V, b\it 
Hkd yellow enters it 

> The ray, S G, is also divided into three ook>ra. Tbe Una (whidi is 
bent most) enters the eye, and the other two &!! below it Thus the 
•ye sees the blue of C, and of all drops in the position of C; the 
yellow of B, and of all drops in the position of B; and tbe red of A, 
and of all drops in the position of A. Tbe same may be also inferred 
respecting the other four odors of the spectrum; and thus the eye sees 
a rainbow. 
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THiat are the ^'^^ tainbow cEii be 86611 oiJy wbcii it rains, 
SS^^?dS *°^ ^ ^^^^ paint of the heavens which is op- 
to^ • rain- positc to the sun. 

Hence a rainbow is alwajs observed to be situated in the 
west in the morning, and in the east in the afternoon. 

It is also necessary for the production of a rainbow 
that the height of the sun above the horizon should not 
exceed forty-two degrees. 

Hence we generally' observe this phenomenon in the morning, or toward 
evening; and it is only in the winter, when Uie sun stands rery low, that the 
ninbow is sometunes seen at hours approadiing noon. 

IB the aame ^ *^® ^^ ^ ^* ^^^®' grea*ly ^ refirangibility, only a 
rainbow ■een single and different-colored ray firom each drop will reach the 
^ik^bf aUporw ^^^ ^^^ spectator; but as in a shower there is a succession 

of drops in all positions relative to the eye. the eye is en- 
abled to receive the different-colored ^^^ 270, 
rays refinactod at different indina- 
IkxttL This is cto^y illustrated ID 
Vig« i^W, in whic^ 8 represents 
rays of th» sun falling up<m suo- 
ccSBvedrop^ R, O, y, G,B,I,V; 
but a single colored ray, and a 
diffiarent one for each drpp^ will 
reach the eye. As no two speo- 
tatcMTS can occupy exactly the same 
position, no two can see the same 
color reflected from the same drop ; 
and consequently no two persons see the same rainbow. 

In the fiarmation of a rainbow each colored ray reflected 
bow^ e^iu^' ih>m the fiOling drops of rain, enters the eye at a different hidin- 

atim or angle. But the several positions of those dropa^ 
which alone are capable of reflecting the same color at the same angla to 
.ihe eye constituta a curdey— and hence the bands of color which make up a 
rambow, appear ciroulsr. 

ynuL% an pri. Two rainbows are not unfrequently observed 
JSw/^^rlSl ft* *li® same time, the one being exterior to, 
***^' and less strongly developed than the other. 

The inner arch, which is the brightest, is called the pri- 
mary bow, and the outer, or fainter arch, the secondary 
bow. The order of colors in the inner bow is also th^ re- 
verse of that in the outer bow. 
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Hotr If th« ^^^ inner, or primarj rainbow, which is the 
V^&Ja^ one <»fdinaril7 eeen, is formed by two refrac- 
tions of the solar ray, and one refleotion, the 
ray of Kgfat entering the drops ita. 271. 

at the top, and being reflected to 
the eye from the bottom. 

ThiM^ in Fig. 371, the imj 8 A of the pri- 
marj rainbow atrikei the drop at A, ia re- 
flnelad, or beoi to B^ the back part of tin 
miMraoHboe of tba drop; His then refleeted 
to C, the lower part of the diop^ when it it 
reAnacted again, and ao bant as to coma dl> 
rectljr to tha efa aftha ■ p ao t ato r. 
Hoviifhs MM. The secondary, or outer rainbow, is produced 
J^*JJ^ J}^ by two refractions of the solar ray, and two 
reflections, the ray of light entering the drops 
at the bottom, and being reflected to the eye fiom the tof. 

Thna^inFig. 312, «hen/8B ortfaaaea- 
ondarjr bow ttrilcei the bottom of the drop 
at B, is refracted to A, ia then reflected to 
0, ia again reieoted to D, when it ia a«ahi 
refracted or bent) till it reaobea the egro of 
the spectator. 

The position and formation of the primaiy 
and seoondaiy rainbows are represented in 
Fig. 2t3. Thus, in the formation of the pri- 
mary bow, the raj of light B strikes the dMip 
• at Ok is refracted to h, reflected to g, and 
leaying the drop at tfaia point, ia refraotod 
to the e^ of the spectator at 0. In the formation of the secondary bow, 
the ray S' strilces the drop p at the bottom at the point i; is refracted to d, 
reflected to/, and thence to e^ and refracted from the top of the drop^ pnh . 
oeeds to the eye of the spectator at O. 

Tlie reason the oirter bow is paler than the inner is because it is formed by 
rays which have undergone a second internal reflection, and after erery re- 
flection light becomes weaker. 

^,^,^1 ^ Halos are colored rays which are sometimes 

^•"^^^ seen surrounding luminous bodies, especi.ally 
the sun and moon. They are occasioned by the refraction 
and decomposition of light by particles of moisture, or 
crystals of ice floating in the higher regions of the atmos* 
phere, and are never seen when the sky is perfectly clear. 
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The production of halot may be illustrated experimentally, by oFystallizing 
Tarious salts upon plates of glass, and looking through the plates at the sun, 
or a candle. A few drops of a saturated solution of alum, spread over a 
glass so as to crystallize quickly, will cover it with an imperfect crust of crys- 
tala, scarcely visible to the eye. Upon looking at a luminous body through 
the glass plate, with the smooth dde next ^e eye, three fine halos will be 
perceived encircling the source of li^t 

The fact that halos, or rings round the moon, are more frequently observed 
than solar halos^ is dependent upon the circumstance that the sun^s light is 
too intense and dazzling to allow the halo to be recognized. Halos may be 
observed most frequently in the winter season, and in high northern latitudes. 

wiuit is the 696, The beautiful crimson appearance of 
J^^'JjSaroS^ the clouds after sunset in the western horizon, 
ronriw'*"'*Md ^^ ^"® ^^ ^ 8^®** measure to the fact that the 
*' red rays of the solar light are less refrangible 

FiQ. 274 than any of the 

other colored rays, 
and in conse-- 
quence of this, 
they are not bent 
out of their course 
so much as the 
blue and yellow 
rays, and are the 
last to disappear. 
For the same rea- 
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son they aie the first to appear in the morning when the 
BUD rises, and impart to the morning clouds red or crim- 
son colors. 

Let m sappoae^ at in Fig. St4^ a ray of light proceeding fixm the son, S^ 
to enter the earth'a atmoepheie at the point P. The red raya, which oom- 
poee in part the solar heam, being the least refrangible, or the least deviated 
from their ooofm^ will reach the eye of a spectator at the ^int A ; while 
the fdlow and blue imya^ being refracted to a greater degree, wiH readi the 
■ncfiioe of the earth at the intermediate points B and 0. They will, eooae* 
qoently, be quite invisible fhxn the point A. 

The red and golden appearance of the donds at morning and evening is 
also due in part to the fact, that aqueous vapor on the point of being con- 
densed, only allows the red and yellow rays of h^t to pass through it» For 
tills reason, if the son be viewed through a column of steam eiw ap hig from 
a boiler, it appears of adeep red, or crimson color. The same thing may be 
notioed during a drought in summer, when the air is filled with diy exbda- 



what ii 697. The irregolar brilliancy of the stars, 

*''*°"^' known as twinkling, is supposed to be due to 
unequal reflections of light occasioned hj inequalities and 
undulations in the atmosphere. 

Hoir ii eoior ^98. Light, accordiug to the undnktory 
S?!jj35futJnr i^^^Yj 18 occasioned by the vibrations or un- 
tbeoryofughu dulations of a certain elastic medium diffused 
throughout all space, called ^Etheb. Color, according to 
this theory, depends on the number of vibrations which 
are made in a certain time ; those vibrations which are the 
most rapid, producing upon the eye the sensation of violet, 
and those which are the slowest, the sensation of red. 

The analogy between sound and light, according to Ihe 
jr^^ere**^ undulatory theory, is perfect, even in its minutest drcum- 
tveeaeoiorMid stances. When a certain number of vibrations of a musieal 
mnalo?^^ chord are caused in a given time, we produce a required 

sound ; as the vibrations of the chord vary from a qmck to a 
slow rate^ we produce sounds sharp or grave. So with light; if the rate at 
which the ray undulates is altered, a difEbrent sensation is made upon the 
organs of vision. 

The number of aerial vibrations per second required to produce anyparticni- 
lar note in music has been accurately calculated, and it is also known thai 
the ear is able to detect vibrations producing sound, through a range com- 
mencing with 16, and reaching as far as 48,000 in a second. So also in the 
case of Bgfat^ the fiequenoy of vibrations of the ether required for the prodno- 



THE ANALYSIS OF UOHT. S39 

tion oivay particular color has been detenmned, aod tlie lengUi of the wares 
corresponding to these vibrations. 

wh«t reutiott The waves requisite to produce red are the 
SS*** w^ largest; orange comes next; then yellow, 
bS^'rftti green, blue, indigo, and violet, succeed each 
dubrentcoionr other, the waves of each being less than the 
preceding. The rapidity of vibration is in the same order, 
the waves producing red light vibrating with the least 
rapidity, and the waves producing violet with the greatest 
rapidity. 

T6 psoducB Nd fight it Is AeoesBaij that 40,000 waves or undulatfams sboald 
be oon^prisad within the space of a single inch, and that 480 billions of vibra- 
tions shonld be exeoated in one second of time; while, fior the production of 
violet^ €0,000 waves, withhi an inch, and 720 billi<»is of vft>ratiQns per second 
are reqoired.* 

699. As two sets of sound-waves or vibra- 

light be made tious may SO combinc as to modify or destroy 

^ each other, and thus produce partial or total 

silence, so two waves or vibrations of light may be made 

to interfere and produce various colors, or entire darkness. 

* It maj periiaps be uked, vith eomethiiig ef iaerednlity, hoir raeh a reealt eonld pos- 
tfblj hmre been errived at, with anj degree of ■dentifle aoenracjr. The problem, hoir- 
erer, ia not a difficult one. 

In the flrit plaee, Neirton, bf a ierlea of perfwClj aatlafbetorx and beautlAd ezperi. 
menta, aaeertained the nvmber of wavea or andnlationa of the dSflbrent colored raya 
eompiiaed within the epaoe of an inch. 

Let na nov aappoae an obijeet of any partleidar color, a red alar, for ttample, to be 
▼leired from a diatanee. From the atar to the eye there proeeedi a eontinnona Une of 
varea; theae waves enter the pupil, and impinge vpen the retina; for eaeh wave which 
thoa strifcea the retina, there will be a aeparatepnlaation of that membrane. Its rate of 
poUation, or the number of pulaationa which it makea per leeond, will therefore be known, 
if we can aaeertain how manj luminous warea enter the eye per see<md. 

It has been already shown that light moren at the rate of about 200,000 mOea per 
•eeond t it foUowa, that a length of ray amoanting to flOO,OOe mAea must enter the pupil 
each second; the number of tfmea, therefore, per s e eo w d, whioh the retina will vibrate, 
will be the aame as the number of the luminous wares contained in a ray 200,000 miles 
long. 

Let vs take the ease of red Hght In 200,000 miles there are, la round nnnbera, 
1/)00,000,000 feet, and therefore 12,000,000,000 inches In eaeh of these 124Mn,O0e,0OO of 
Inches there are 40,000 warea of red light In the whole length of the ray, therefor^ there 
are 480,000,000,000,000 warea. Since this ray, howerer, enters the eye in one seoond, 
and the retina muat pulsate once for each d these warea, we arrire at the astounding 
eondluidon, that when we behold a red ol^eet, the membrane of the eye trembles at Hie 
rate of 480,000,000,000,000 of timea between erery two tUka of a eommon deek t 

In the aame manner, the rate of pulsation of the retina eerrespondtag to other tlnlaef 
eolors is determined ; and it is found that when riolet Is perosired, It tf eaUit ai the rate 
ef 720,000,000,000,000 of ttmea per second.— Lardnsn 
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H«v nsr Am ^^* "'"'^^ *^ ^* hmctioii of two streuiifl of water, it will 
I iterfflnnwof be noticed that when the wayes from each meet in the same 
<arihij£l^ '^^ of Tibration, the resulting wave will be equal to the two 
combined ; i^ howoFer, one ware is half an undulation behind 
the other, the crest of one win meet the hollow of the other, and compara- 
tirely smooth water will be the result. So if two pendl rays of light, radiat- 
ing fron two points^ reach a point of interference at the same degree of ele- 
▼atbn, a spot of double the luminous intensitj of either will be produced; 
but if one is half a vibration behind the other, the result will be^ ^t a daik 
insfcead of a light spot will be apparent 

The brilliant tints of soap bubbles, and thin 
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eaM«nigtef 



plates of different transparent bodies, are ex- 
amples of the interferenoe of light ; for the 
undulations reflected from the first surface interfere with 
those reflected from the second^ and thus produce the 
various colors. 

. The TMying play of ookm exhibited by films of oQ on the surfiice of water, 
and the iridescent appearance of mother-of-pearl, the scales of fishes, and tiie 
wings of some insects, are all phenomena resulting from the interference of %bt. 

whatiidoaue 700. Double refraction is a property which 
''****'^' certain transparent substances possess, of 
causing a ray of light in passing through them to undergo 
two refractions ; that is, the single ray of light is divided 
into two separate rays. 



Fia. 275. 




TiQ. 27S. 



A ?ery common mineral catted ^'Iceland spar," 
which is a crystallized form of carbonate of lime. Is 
a remarkable example of a body possessing double 
refracting properties. It is usually transparent and 
colorless, and its crystals, as shown in Fig. 275, haye 
the geometrical form of a rhomb, or rhomboid; — ^tSiis 
term being applied to a solid bounded by parallel 
feces, inclined to each other at an angle of 105^. 
The manner in which a crystal of 

phenomenon of Iceland spar dirides a ray of light in- 

AraMs Nftmo. ^ ^wo separate portions is elearly 
shown in Fig. 276; in which S T 

reprsaents a ray of ligh^ felling upon a surfeoe of * 

crystal of Iceland spar, A D E 0, in a perpendicular di* 

rection. Instead of passing through without any refrac- 
tion, as it would in case it had fellen perpendicularly upon 

the suifece cf glaai^ the ray is divided into two separate 

rayi, the one, T O, being in the direction of the original 

ray, and the other, T E, being bent or refracted. The 

first of these ray^ or the one which follows the ordinarr 
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]aw^t)f refhustion, iff called the " ordinarj" ray ; the aeoond, whidi Mows a 
difGaroat law, is called the " extnordlnaiy** ray. 

- ^ If we look at a small object, at a 

•"^* ^^* dot, a letter, or a lino^ through m 

plate of glass, it appears aixHi^le; but 
if a plate of Iceland spar be sub- 
^ «tituted, a doable image will be per- 
ceived, as two dots, two letters, two 
lines, etc. This result of double re- 
fraction is represented in ilg. 277. 
Crystals of many other substances^ 
such as mica, the topaa, gypsom, etc., 
poss^ the property of doable refraction, but not in so remaricable a degree 
as leeland span 

,.^ ^ ^^ In all these crystals, there are one or more directions along 

What «re tlie , . , ^. ^ . . j ^i. *. ^^ • i 

axes of doable which objects when viewed through them appear smgle; 

refractbmr these directions are termed the lines, or axes of doal^ re- 

fraction. In the case of Iceland spar, there is one axis of doable refraction, 
i c, one direction shag which objects when viewed appear single; this is m 
the direction of the line A B, Fig. 275, which joins the two obtuse thio»> 
sided angles. If the summits A and B be ground down and polished, no 
double refracticHi will occur in looking through the crystal in this direction. 
To vbatSa the ^^^ ^^® phenomenon of double refraction is due entirely to 
phenomenon of the molecular structure of the medium through which light 
doable ^reflrae- p^^gg^g^ jg proved by taking a cube of regularly annealed glass, 
which produces but one refracted ray, and heating it unequally, 
by subjectiDg it to pressure: a change is thereby affected in the airangement 
of its parts, and doable refraction takes place. 

What is polar- 701. When a ray of light has been reflected 
laedughtf fj^jjj ^Yie surface of a body under certain 
special conditions, or transmitted through certain trans- 
parent crystals, it undergoes a remarkable change in its 
properties, so that it is no longer reflected and refracted 
as before. The effect thus produced upon it has been 
called polarization, and the ray or rays of light thus af- 
fected are said to be polarized. 
What an cha The name poles is given in physics in gen- 

poleaofabod7r ^^ ^^ ^j^^ gj^^^^ ^j^ ^^^ ^f ^^j y^y ^J^}^ 

enjoy, or have acquired any contrary properties^ 

Thus, the opposite ends or sides of a magnet have contrary properties, in* 
asmuch as each attracts what the other repels. The opposite ends of an elec- 
tric or galranic arrangement are, for like reasons, denominated poles. So also 
iu the case of light, the rays which have been reflected or transmitted andei' 



WSUm VATURAL FHtLOflOTHT. 



ymnSSat ooadttfcmi aw twd to p o w polM» beevM* In aome potiftkiiit tfaej 
caa b« reflected and in othen thegr can Bot» aad Umm positioDs are at xight 

Fiplihiiiiflto '^01. TbepUnoiiienonofpolMfaadUghtwM diacsoTewdin 
•oifwry Mi *F>» 1808, bj Kala^ a yoong engineer oOoer of Paris. On one 
HuSSTh^^^ oooaatoo, aa be waa Tiewing tluoii^ a doable refracting 
priam oCIcalaiid apar the light of the adh reflected from » glass 
wiDdoir in one of the Ftaooh palaoea, be obaerrad aome yery peooliar effBcis. 
The window accidao t a n y atood open like n door on its bhiges at an an^^ of 
64« and Mahia nottoed that the light reAeotod from thk ang^ waa entirelf 
altered in ita character. 

Tbia alteration in the character of the light reflected from the glaaa window, 
which waa thua first obaerred hj Maliu^ maj be made clear by the following 
experiment: — ^xppoae we bafo a cjlinder with a mirror at one end of It If 
wa poini thia to the ami, and reosiTe the image on a distant aereen, we maj 
torn the <7luiderroimd on ita axia. and the reflected niy will be found to rerolre 
coostaatlj with it But ifnow, instead of receiving tlM ray direct from the son, 
we aOowa beam reflected from a fgiam plate^ at an angle of aboat 54o, to foil 
npon the mirror, and then be reflected on the aereen, it will be fomid that the 
point of light will not have the same properties as that preyionslj ezaoaned ; 
it will be altered in its degree of intensitj as the cylinder torus round; will 
have points where it is Tory bright, and others where it will entirely disap- 
pear. It is thna proved that light reflected from glass at an angle of about 
64^, has mideigone aome peculiar modificatioD, or, aa it haa been termed, 
haa become polariied. 

Certain minerala, especially those called "tourmaline^" have the prop- 
arty of polarizing a ray of light transmitted through them. 

FiO. 278. If aray of light be caused to pan through 

-^^ y^^ a thin plate of tourmaline, tacd^ Fig. 278, 

in the direction of the fine a ft, and be re- 
ceived upon a second plate, e / placed 
aymmetrically with the firsts it passes 
through both without dif&culty; but if the 
second plate be turned a quarter round, as 
In the direction ^ ^ the light is totally cut oft 

Btnrbfhepoi. According to the nndnlatoiy theory, the dif- 
uMM^'^^pki^ ference between common and polarized li^t 
3r xnay be explained by supposing that in conw 

mon light the vibrations of the ether which produce it 
take place in every possible direction, transverse to the 
path of the ray ; but in polarized light they take place 
in only one direction, or are all in one plane. 

Thus, in the passage of a ray of light through the plate of tourmalin^ 
onlyooe set of vibrationa is transmitted, while the others are abaorfoed* 
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Fick 2t9. The transmitted imy, having aU tts vibratiao8 in ono 

a^^y^^^ ^ direetton, readily paaaea through a aeoond plate of 

C, ' - ILLJ-^]^ tourmalme^ the stractural arrangement of which ia 

vX Aa:rrC C f ^^mmetrieal with that of the first; but if this ai^ 

rangement be altered by turning tiie plate partial^ 

round, the vibratiooa are intercepted. In the same 

manner a sheet of paper, td,Y\^ 279, maj be slipped 

through a grating^ a fr, its plane ooindding with the length of the bars; but 

can no longer go through when it is turned, as at 0/ a quarter round. 

Light is polariased by reflection from many 
Jed \rr %eel different substances, such as glass, water, air, 
ntatuMses ' ebouj, mother- of-pearl, surfaces of crystals, 
tiMa sUMt ^^^^ ^^^^ provided that the light falls at a 
certain angle peculiar to each surface. This angle is 
called the polarizing angle.^ 

What are Mm« ^^ ^^ discovery of polarized light, its principles have 
of tbepracttcal been applied to the determination of many practical resulta 
p^f^Uchtr ^^"^ ^ *^ ^^*®^ ^"^^ **^** ^ reflected light, come from 
whence it may, acquires certain properties which enable us 
to distinguish it from direct li^t; and the astronomer, in this way, is en* 
abled to determine with infallible precision whether the light he is gazing on 
(and which may have required hundreds of years to pass from its souroe to 
the eye), is inherent in the luminous body itself or is derived from some other 
source by reflection. It has been also ascertained by Arago that light pro- 
Deeding from incandescent bodies, as red-hot iron, glass, and liquids, under a 
certain angle, is polarized light; but that light proceeding, under the same 
drcumstanoei^ from an inflamed gaaeous substance, such as is used in street 
illumination, is always in a natural state, or unpolarized. Applying these 
principles to the sun, he discovered that the light-giving substance of this 
luminary was of the nature of a £^ and not a red-hot solid or liquid body. 

In a similar manner the chemist is able to determkie, by the manner in 
which light is reflected or polarized by a crystallized body, whether it has 
been adulterated by the addition of foreign substancesL 

What threa 703. Solar light, in addition to the lumin* 
gjjjjl^ 'j; ous principle which produces the phenomena of 
■oiarii^tf ^qJqp g^jj^i J3 ^^ cause of vision, contains two 
other principles, viz., heat and actinism, or the chein* 
ical principle. These principles are invisible to the eye, 
and have only been discovered by their effects on other 
bodies. 

* Tha phanamana af polarized light ara w abrtniae, and d«pand to la great aa extent 
an axperimantel Sllnttratioa for their proper eomprehaiiiieB, that aa flKtendad daeeiip- 
tbA af than ia aa flleiaantuy woik la ImpavUila. 
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Th0 oonstitution of the solar nj maj be oompered to a bundle <^ three stiokfl^ 
one of which represents beat, another lights and a third the actinic prindpleu 
We know that these three principles exist in every xaj of 
kMir ttufct aZ ^^ ^fi»^^ because we are able to. separate them in a great 
Ur light eon- degree from each other. Thus the luminous principle passes 
^^M/Jf'^ readily through a tramqtarent plate of alum, but needy all the 
heat is absorbed. Certain dark-colored bodies, on the con- 
traiy, allow nearly all the heat to paaa^ but obstruct the light A blue glaai 
cbstructs nearly all the light and heat of the solar ray, but allows the chem* 
Cesl principle to pass freely ; while a yellow glass aUows light and heat to 
pass, but obstructs the passage of the chemical influence. 

When we deconapose a ray of solar light hj 
fbmSt piinci! means of a prism, and throw the spectnun 
SS^t ^aflbeted upon a scrceD, the luminous, the calorific^ and 
kraptini ^^^ actinic radiations will each assume a dif- 
ferent position. All will be refracted by passing through 
the prism, but in dififerent degrees* 

The calorific, or heat radiations will be refracted least, and their Tnaximnm 
point will be found but slightly thrown out of the right line which the solar 
ray would have traversed had it not been intercepted by the prism. The 
hftat diminishes with much reg^arity on each side of this line. 

The luminous radiations are subject to a greater degree of refraction ; their 
point of maximum intensity being in the yellow ray, lying considerably above 
the point of greatest beat. The light diminishes on each mde of it^ producing 
orange, red, and crimson colors below the maximum pointy and green, blue^ 
and violet above it 

The radiations which produce chemical action are more refrangible than 
^ther the calorific or luminous radiations, and the maximum of chemical 
power is found at that point of the spectrum where light is feeble^ and where 
scarcely any heat can be detected. 

The positions in the spectrum of the heat and actinic radiations, which are 
Invisible to the eye, may be found by experiment Thus, if we place a deli- 
cate thermometer in the different rays of the spectrum (§ 686, Fig. 268), it 
will be found that the indigo and violet rays scarcely afiect it all, while the 
yellow ray, which is the most lummous, is inferior in heating action to the 
red ray, which, yielding but little light, possesses the greatest amount of heat 
If now, the thermometer be carried a little below and just out of the red 
ray, into the darkened space, it will exhibit the greatest increase in tempera- 
ture, thus proving the presence of a heating ray in solar light, independent 
of the luminous ray. In a like manner, by substituting a chemically prepared 
surface, as a piece of photographic paper, for the thermometer, the presence 
of a chemical ray can be proved in the darkened space at the other end of the 
spectrum, and near to the blue and violet rays. 

704. Those rays of Boiar light which are less refran^Ie than any of tha 
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tiribto ddorod TajB of the speetnim, have all the properties of radiant heat 
conung fimn bodies of a lower temperature than 800^ F. Stich heat is much 
kas refrangible than red Hgfat ; but If the temperature of the nuliatfaig body 
be inc reas ed, it emits, in addition to the rays preyiously emitted, others of a 
higher refrangibilily, until at last some few of its rajs become as refrangible 
as the least refrangible rays of light The body then appean of the same 
cdkfc as the least refrangible rays of light, and is said to be red hot If it 
be heated more^ it emits, in addition to liie red, still more refrangible rayi^ 
-viz., orange; then (at a higher temperature) yellow rays are added, and so 
«D, untQ when the body is wkUe hot, it emits all the colors visible to us; 
and in some instances (of very intense heatX even the invisible chemical rays, 
more refrangible than the violet^ are emitted, though in lees quantity than 
in the solar rays. Thus light spears to be nothing moi« than visible heat, 
and heat invisible light— 4he oonstttution of the eye being such that it can 
perceive one and not the other, in the same way as the ear can appreciate 
vibrations of sound more rapid than sixteen per second, but not those wliich 
are lees rapids 

.^ . tOfi. The study of the chemical principle contained in the 

Ikct bM the rays of solar light has rendered probable the curious fitct, that 
ehemiaa'inin? *** substance can be exposed to the sun^s rays without un* 
oipie of uibt dergoing a chemical change ; and from numerous examples it 
weired t woald seem that the changes in the molecular condition of 

bodies which sunlight effects during the daytime, is made up during the 
hours of night, when the action is no longer influencing them. Thus dark- 
ness spears to be essential to the healthy condition of all organized and un* 
CHTganised £>rms of matter. 

Tjponvbatdoet The proccss of fonnmg DaguGiTeotype and 
ofptaSt^phte other photographic pictures, depends solely 
piefcurw depend? ^p^j^ ^j^g actiiiic, or chcmical influence of the 
solar ray. 

The term "photography," signifying light drawing, which is the general 
name given to this art, is unfortunate and ill-choeen, for not only does light 
not exercise any influence in producing the pictures, but it tends to destroy 
tliem. 

What a th ' ^® essential steps of the process of forming a Daguerr^ 
twmiHal atepe otype picture consist in coating a suitable plate of metal with 
mrnatm^ Some chemical compound easily affected by the action of the 
proceM* solar ray. Such a coating is usually a compound of the ele* 

mentary body Iodine, The plate is then exposed to the image 
formed by' the lens of a camera obscura. Relatively, the quantity of light and 
actinism reflected from any ot^ect are the same ; therefore as the light and 
shadows of the luminous image vary, so wiU the power of produdng change 
upon the plate vary, and the result will )be the production of an image which 
will be a fiathful copy of nature, with reversed lights and shadows ; the 
lights darkening the plate^ while the shadows preserve it whitc^ or unaltered. 

16» 
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If Um plate were then kft without fbrther eve, the Image Ibfined would 
■COD fiMle awi^, and leave no tnoe on its eufftee. In practioe, the plate is 
not expoeed to the influence of lig^t sniBciently long to fimn upon its mr- 
froe an unage Tiaihle to the eye, but the pictare ia deyeloped, or bioagfat out 
and rendered permanent by ezpoaore to the Tapor of mercoiy. Thia meia], 
in a ataia «f Terjr fine diTiaion, ia oondenaed upon and adherea to thoae pot^ 
tiooa of the aorfiioe of the plate which baTe been aabjected to the inftnenoa 
qf the ahemieal aotion. Where the ahadowa are deep» there ia acaeeelj a 
trace of uwrour y; but where the lights are atrong, the metallic dost is de- 
poaited of oonaidefable thidcneai. Thia depoeition of meaeiuy rasantially oon>' 
plelea and Axea the pietiire. 

The reaaon why the rmpor of meronry attaehae itaeif only to tiioae portions 
of the piala which have been alfeoted by the (diemical influenoe of light ianot 
definitely known: in a)l ptobability, we have involved the action of aeveral 
fixoea. It ia Bot» however, neoeasacy that a soifiuie should be chemically pre- 
pared to exhibit theae reautta. A polished plate of metal, a piece of marble^ 
of i^aas, or even wood, when partially exposed to the action of light, wiU, 
when breathed upon, or piesented to the action of mercurial vapor, show that 
a diatuibance baa been produced upon the portions which were iUuminsted ; 
whereaa no diange can be detected upon the parts kept in the daik. 

That the luminous principle is not necessary for the saooesa 
mrat* *Sawl ^ *^® photo^phic process, may be proved by the experi- 
tbat light is ment of taking a daguerreotype in absolute darimeaa. This 



i^^StmSaZ ^^'^ ^ aooomplished in the following mamer: — ^A large pris- 
ttoa of • pho- matic spectrum is thrown upon a lena fitted into one side of a 
[JI^J^^ "^ dark chamber; and as the actinic power rendes in great ac- 
tivity at a pcant beyond the violet ray, where there is no light, 
the only rays allowed to pass the lens into the chamber are Ihoee beyond the 
limit of coloration, and non-lominous ; these are directed upon any object, and 
from that objeet rsdiated upon a highly sensitive photographic sui&ce. In 
this way a picture may be formed by radiations which produce no effect upon 
theeyei 

WlifttinflaeiMt ^^^* Thers are many reasons for supposmg that each of the 
do ihe threo three prindides^ lights heat, and actinism, included in the solar 
Tho'liKr n^ '^y* exercise a distinct and peculiar influence upon vegeta- 
•acert so vege- tion. Thua the luminous principle controls the growth and 
^^*^^^ coloration of plants, the caloriflc prindple their ripening and 

fructification, and the chemical principle ibo germination d seeds. Seeda 
which ordinarily require ten or twelve days for germination, will geiminate 
under a blue glass in two or three. The reason of this is^ that the blue glass 
permits the chemical principle of light to pass freely, but exehideSy'in a great 
measure, the heat and the light On the contrary, it is neaiif hnpoasiUe to 
make seeda germinate under a yellow glassy becanaa it azdndea nearly aU 
the diemioal inflnenine of the solar ray. 
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If an openinf 
besMdeintlM 
tide of a dark 
ehaaber kour 
will imafai of 
external ob- 
Jectabanpra- 
■entedr 



707. If we make a smaU apertare through the shutter of a 
daricened room, the images of external objects wiH be pk^ 
tared mdistinctlj, and in an inverted position, upon the op- 
posite waU. The reason of this will appear evident from an 
inspection of Fig. 280. It will be seen that the rays of light 
diverging from the top and bottom of the ol»|ect cross eadi 
other m pasnng through the aperture, and consequently form an inverted 
imaga This unage is rendered more dbitinot with a small aperture than with 
a large one, since, in the first case, the rays which proceed ftom any particu- 
lar part of the object fitll only upon the corresponding part of the image, and 
are not scattered indiscriminately over the whole pkstore, as they would be 
if the apertare was larger. 

Fio. 280. 




Deaerlba th« ^ ^^ ^® P^^'^ ^^ ^^® ''^'^^ ^^ ^^ aperture in the shutter, 
construction of we substitute a dark box, with a double-convex lens fitted 
OtaeaiS.*"*'* into one side, a picture will be formed on the opposite side of 
the box, or upon a screen placed at the focal distance of the 
lens. This picture will represent, with great beauty and distinctness, whatever 
is in front of the lens, all the objects having their proper relations <^ light and 
shadow, and their proper colors. Such an apparatus is called a Camera, 
Obscuri. * 

Fig. 281 represents the ordinaiy construction of the camera obecura ft 
consists of a wooden rectangular box, into which the rays of the light penetrate 
through a convex lens placed at the termination of the tube B. These rays, 
if unobstructed, will form an image upon the opposite side of the box O, but 
if they are received upon a mirror, M, incUned at an angle of 45^, their direc- 
tion is changed, and the image will be formed upon a screen, or plate of 
ground glass, N, placed at the top of the box. By placing upon this screen a 
sheet of tracing paper, the outlmes of the image may be readfiy copied. 
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Biidi » modiflaitioQ d the cunera is Twy oooTeoiaiit for artistB and tmrelen 
ia ikelBbiDg Uuidaoapei^ eta 

FiQ.281. 




Hoir doM fha ^^- The mechanical arrangement of the 
S? '*SSSJ ^y® ^^ ™*^ *^^d *^® higher animals is the same 
obminr 1^ ^i^j^^ Qf ijIj^ camera obscura, being simply a 

double-convex lens, fitted into one side of a spherical 
chamber, through which the rays of light pass to form an 
inverted picture upon the back of the chamber.* 
What Is the ^^ man, the organs of vision consist of two 
5!S*o7th?^ hollow spheres, each about an inch in diam- 
in man f ^^q^^ filled with ccrtaiu transparent liquids, and 

deposited in cavities of suitable magnitude and form, in 
the upper part of the front of the head on each side of 
the nose. 

The sphere of the eye, or the eye-ball, is 
moved in its socket by muscles attached to 
different points of its surface, so that it is 
capable of being moved within certain limits 
in Qvery direction. 

* Thin may b« prored by Uking tha eye of a recenUy-kOled bullook and eottiaga 
hole in the upper part of the ball, looking into the interior. 
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FiO. 283. The arrangement of these 

muscles is shown in Fig. 282, 
where the external bones of 
the temple are supposed to be 
remoyed in order to render 
them visible. The musde^ 1, 
raises the eyeHd, and is oon* 
stantly in action while we are 
awake. During sleep, the 
muscle being in repose and 
relaxed, the eye-lid &lls and 
protects the eje fi>om the ac- 
tion of light. The musde, 4, 
turns the eye upward; 6, 
downward; 6, outward; and 
a corresponding one on the in- 
side, not seen in the figure, 
turns it inward. Nos. 2 and 
10 turn the eye round its axia 
The eye consists essentially of four coats, or 
membranes, called the Sclerotic coat, the 
Choroid coat, the Cornea, and the Eetina ; 
and these coats inclose three transparent liquids, called hu- 
mors — ^the Aqueous humor, the Vitreous humor, and the 
Crystalline humor, the lastof which has the form of a lens. 
Describe the The Sclcrotic coat IS the external coat of the 
soierotieeoat ^^^^ ^^^ ^^yQ quc upou which thc maintenance 
of the form of the eye chiefly depends. 

It is a strong, tough 




Of whftt parts 
does the 9iy% 
eonslst? 



membrane, and \o it the 
muscles which move the 
eye are attached. It cov- 
ers about four fifths of the 
external sur&ce of the 
eye-ball, leaving, however, 
two circular openings, one 
before and the other be- 
hind the eye. Its position 
is shown at i, Fig. 283. 

What Is the The 

^"••^ Cornea 

is the clear, trans- 
parent coat which 



FiO. 283. 
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forms the front of the eye-halL It is firmly united to, or 
fixed in the sclerotio coat, like the glass in the case of a 
watch. 

TheOonMMTCpnieotodata^Fig. 283. 
^fiwt It iiM ^^^ Chwoid coat is a delicate membrane, 
cbmtMom^f lining the inner snr&ce of the sclerotic coat, 
and covered on the interior with a black pigmaiL 

It is wpnmaidd at A^ Fig; 283. 

^hmi h Hi, The Retina is a delicate, traaspaiwit mem- 
■•**^' brane which spreads over the chief part of the 
internal surface of the eye-ball, and is situated imme- 
diately within and close to the ch(m>id coat. 

The pogition of the Betin* is shown at m^ F%. 283. 

boviiUmm- ^be retina ia formed by the expansion of a 
tiMfonMdr nerve called the optic nerve, which proceeds 
from the back of the eye through the bones of the skull 
into the brain, and conveys to the brain the impressions 
made by external objects on the organs of vision. If this 
nerve were divided, notwithstanding the eye might be in 
other respects perfect, the sense of sight would be de- 
stroyed. 

No. 11, Fig. 282, and n. Fig. 283, exhibit the rsUtive position of the 
optio neire. 

wiMt It tht I^ looking into the eye from without, we 
^^' perceive a flat, circular membrane, which, in 
different eyes, is of a black, blue, or gray color. This 
membrane is called the Iris, and divides the eye into two 
very unequal portions. 

The Irisis reitfeeented at c d; Fig. 283. 

The Pupil ci the eye is the circular black 
Papu «r hm opening in the center of the iris, and is the 
*^' space through which light is admitted int« 

the interior ol the eye. 

Tba open epaoe between e and d; Fig. 283, represents the papiL It is, 
properly gpeakiDg, the window of the eje, and appears black, only becanso 
the ohamber witUn and behind it is daric When a small qoantLly of light 
enters the eye the pupQ widsDS or expands ; but when a large quantily eatery 
It closes or contracts. 
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The two parts into which the iris divides the eye are 
txiUed the atUerior and posterior chambers. 
What an «iie The antcrior chamber, or the space before 
fi^S^ ^ the iris, is filled with a fluid resembling pare 
^"^^ water, and therefore called the aqueous hu- 

mor ; and the posteric^ chamber, or the space behind the 
iris, is filled with a thick liquid, somewhat resemUing the 
white of an egg, called the vitreous humor* 

In ilg. 283, ( e re p w a o nii the aqueouB humor, and h tiie Titraoiu hamor, 
lhj» last oocopyiog all the interior of the chamber of the vj%. 

The crystalline lens is composed of a more solid sub* 
stance than either the aqueous or vitreous humor. It is 
inclosed within a transparent bag, or capsule, having the 
form of a double^onvez lens, and is suspended imme- 
diately behind the iris, and between the aqueous and 
vitreous humors. 

Its form and position are represented at/ Fig. 283. 

^•vdoweiiy 709. Rays of light proceeding from an ob- 
aJ ^?%e?f j®c* *^<1 entering the eye, are refracted by the 
^eiT« oiii«etot oomea and crystalline lens, and made to con- 
Verge to a focus at the* back of the eye, and form an 
image upon the retina. This image, by producing a sen- 
sation upon the optic nerve, conveys in some unknown 
way to the mind a perception and knowledge of the ex- 
ternal object. 

Fig. 284 represents the manner in 1^> 284. 

Which the image is fiMrmed upon the 
retinain the perfect ejeu The enrra- 
tore of the oomea, « «, and of the 
trjstaUine lens, c e, is just sufficient 
to cause the rays of light proceeding ^ 
fnm the image, < f , to co u Terge to 
the right focus, mm, upon the retina. 

wimaMsdto- Distinct vision can only take place in the 
ttn^ridontaka ^y^ whcu the comca and ciystalline lens have 
such convexities as to bring the rays of light 
proceeding from an object to an exact focus upon the 
retina. 
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Roirte*ec7« -Attfag tiyi of Bght pwoee C ng from fflrtint obfectg enter 

•Miitod to M* tiie eje at diffeieiil aqgleiii they will naturally tend to meet 

todSTfttdlftlr. ^ different foci after refraction by the crystalline lens, and 

MtAiMMir thus iimi indistinct images. This is remedied by a power 



vUoh Urn eye poawuuw of adapting itself to the direction of 
the light proceeding ftont y$tkm dlstmcei^ so that in the healthy eye, rays 
coming from near and distant objects an afl equally conTerged to a fix^ns on 
the same point of the retina How the eye effects this is not certainly known, 
bat It is soppoaed to be by Inereaslng or diminishing the sphericity of the 
ayalaUine lent and ooniea. 

mMi te tte ^ penon is said to be nearnsighted when 
S5Ji£[,^ the CQrratiire of the comea and crj'stalline 

lens is so great, that the rays of light which 
form the image are brought to a focus before they reach 
the ledna^ or the back part of the eye. The object, there- 
fore, is not distinctly seen« 

Jta.2S6. 




Fig. 286 lepresenti the 

in which the image is fimned in 

the eye of a near-sighted penon. 

The curVatnre of the cornea, « a, 

and of the crystalline lens, c c, is 

so great that the image is fiMrmed 

at m m, in adyanoe of the ra> 

tina, ^ 

Short-sightedness is remedied either by holding the object 
nearer to the eye, or by the emplo3rment of spectacles the 
gjaim of wfaidi are concave iensefr In both cases the rays 

proceeding from the object enter the eye with a greater degree of divergence, 

and therefore do not converge so soon to a focus. 

^^j^ ^ ^ A person is said to be far-sighted when, on 

^nMofjkr- account of a flattening of the cornea and the 

crystalline lens, the rays of light do not oon«- 

verge sufficiently to form a distinct image upon the retina. 

^^ 28S. ^- ^^^> represents the manner 

in which the image is formed in 
the eye, when the comea or crya- 
taOine lens is flattened. The per* 
feet image would be produced at 
m fN) behind the retina^ and, of 
eoone^ beyond the point n eces s ar y 
to secure distinct vision. 
Iiong-flightedness may be remedied by the emf^yment of 

spectacles, the glasses of which are convex lenses. Tfaeaa^ by 



How Is ihoTt- 

■IgfatedlMM 

■ If 




Hoir may long, 
•li^htedii 



THE EYS^ ANP THS PHBNOXENA OF TISIOK. 853 

increasiDg the coATeiisQnoe pf ni^ of lig^t pusiiig throngfa them, bring them 
sooner to a focus in the ejo, and thus produce the image upon the right point 
of the retina.* 

Most persons d advanced age are traabled with long-sightedness, and are 
obliged to use spectacles. The reason of this is, that as the physical organi- 
sation of the body becoines en&ebled, the humors of the eye dry up, or 
are absorbed, and in consequence of this, the cornea and crystalline lens 
shrink and become flattened. 

Beside these defects of the eye^ a person may hare the sense of risibn 
inpaiied or destroyed by an injuiy or disease of the optic nerye, or by a dimi» 
nution of the transparency of the crystalline lens ; the first of these cases ia 
called atnaurosiej and is incurable — ^the second, which is called eataradj may 
be cured. 

As the tmami ^® images formed by the rays of light upon the retina are 
on tbe r»tina inverted. It may, therefore, be asked why all visible objects 
iSiy Ao^ira^t ^ ^^ appear upside down? The explanation of this curious 
■ee them ap- point, which has formed the subject of much dispute, appears 
ride down? ^ y^ ^y^, ^^ object appears to be inverted only as it is com- 

pared with some o&er objects which are erect If all objects hold the same 
rehitive positbn, none can be property said to be inverted. Now, since all 
the images produced upon the retina hold, with relation to each other, the 
same position, none are inverted with respect to others; and as such images 
alone can be the object of vision, no one object of vision can be inverted with 
respect to any other object of vision ; and, consequently, all being seen in the 
same position, that position is called the erect position; 

What the ^^^' ^^® optic axis of the eye is a line 

OTtie azie of drawH perpendicularly througli the center of 

' *^* the cornea, and center of the eye-ball. 
^'dJ^e^ The reason why with two eyes we do not see 

JSnt^SfarS! double is, because the axis of both eyes is 

jMtdoauet turned to one point, and therefore the same 
impression is made on the retina of each eye. 

The law of vision for visible objects is entirely different from that for points. 
A visible object can not, in all its parts, be seen single at the same instant of 
time, but the two eyes converge their axes to the near and the remote parts of 
it in succession, and thus give an idea of the different distances of its parts. 
Any defect which will prevent the two eyes fh)m moving together conjointly, 
and from converging their optic axes upon eveiy point of an object in succes- 
sion, will be fatal to distinct vision. 

* Birde of prey ere eeeblcd to ecUnst their ejes ao as to see ettJeete at a great dittanee, 
and agahi tiiose vhlch are very near. The first Is acoomplished hj means of a moscle in 
the eye, which permits them to flatten the cornea hj drawing back the crTstalline lens ; 
and to enable them to perceive dlstinctlj very near objects, their eyes are ftimtehed with 
a flexible bony rim, by whleh the cornea is thrown forward at win, and the eye thus ren- 
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_^ ^^ DoaUe Tisioii may be pioduced hj ^temng 
Wei^Q u dightly from the side upon the boll of either 
eye while viewing an object ; the pressure of 
the finger prevents the ball of one eye from foUowing the 
motion of the other^ and the axis of vision in each eye 
bemg rendered different, we see two images. 

fitnbinrafli or aqaintiiift Is canaod hj the ioabili^ of one cje to SoSkm tfaa 
moclotti of the otiier, aivl pefvoos so aSbcted alwiji see doable ; practice^ 
however, givw (hem power ofettending to the leniitioQ of only one eje et a 



It is ftom Ous insbilitf of the eje to ilx its optical axis that dmnkaids see 



Row do we '^^- ^^ J"^8« o{ the distance and size of 
^JSfSL!' ^2 ^^ object by the relative direction of lines 



■iB6 of n <>!». drawn from the object to the eye, and by the 
angle which the intersection of these lines 
makes with the eye. This an^e is called the angle of 
vision. 

A 




The stQdent nHl bear in mind that an angle is simply* tiie 
im^f tUmu ^clination of two lines withoat any regard to th«r length. 

Thus, in Fig. 281, the lines drawn from A and B, C and H, 
which may be saf^^KMed to represent rays of light, meet at the eye, and form 
an angle at the point of intersection. This angle is the an^e of Tioon. 

If A B, Fig. 287, represent a man on a distant mountain, or on a dimxdi 
steeple^ and G D a crow dose by, the ang^ formed by the Inclination of the 
lines proceedmg from the two objects will be equal, or the line A B, which s 
the height of the man, will subtend the same angle as the line C B, which is 
the height of the crow; and thereforo the man appears at such a distance no 
larger than a crow. 

How is tiio '^^ nearer an object is to the eye, the greater most be the 
anfi^e oTtWob inclination of the lines drawn from its extremities to intersect 
Sf'Sl^f ^ And form an angle at the eye, and consequently the greater 

wOl be its angle of vision. On the contrary, the mora remote 
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n ol^ject 18 iKm the ^3r«^ the k« wm be the incliiMtic^ 

less the aogle of yisioii. The neuer an object it to the ^e^ tberelbn^ tht 

laiger it will appear. 

na. 28a. 



^—. ffiS 




Thus tiie trees and bouses Ihr down a street or avenne appear smaller than 
those near bj, and the sise of a Tessrt seen at sea diminishes with the increase 
of distance^ as is shown in Fig. 288. The moon, on aooomit of its proximity, 
appears much larger than any of the stars or i^anets, althooj^ ^ is^ m fect^ 
very much smaller. 

Fia. 289. 




Let A B, F^. '289, represent a planet, and C D the moon. The angle of 
Tiaon which the planet A 6 makes with the eye at G, is evidentlj less than 
the angle whidi the moon sabtends at the same point To a spectator at G, 
therefore, A B, though much the larger body, will appear no laiger than 
£ F; whereas the moon, G D, will appear as large as the line C D. 

When will an ^^^' WhcH an object is BO remote, or so 
J?~l *^2SI Bniall, that lines drawn from its extremities 
point? fQ,.in j^Q appreciable angle at the eye, the ob- 

ject appears as a mere speck or point. 
How nnui m ^^^ ^J®? ^^ *^ Ordinary amount of light^ 
S^?ylS*'* can see an object which occupies in the field 
of view a space of only the sixtieth of a de« 
gree (or one minute). 

This space is about the 10(Hh of an inch in a circle of twelye inches diameter, 
the eye being supposed to be in the center of the circle. Now a body smaller 
tiian this at six inches from the eye, or any thing, however large^ placed so 
fiur from the eye as to occupy in the field of viewless space than tfaJs^ is invis* 
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Ible to ofdlov/iSi^t. At ibw milea off; a bimi beoonet thin infiiib^ 
« pin-lieMl nfltf by wffl hide « hoiiM Oft a dirtMii hill.* 

wtat do w« 718. When we say we see an object, wo 
!!r^M M mean that the mind* is taking cognizance of a 
•tjMtr picture or image of the object formed on the 

retina. The manner in which the sensation is conveyed 
by the optic nerve to the brain, and a knowledge of the 
external object imparted to the mind, is entirely nn- 
known* 

DoM Cha — !■■ '^ ^^ pictare, or image od the retina^ is fonned on a com- 
of aicht ^tf paratiyely flat sur&oe, the seoae of sight can not of itself af> 
oMttraorWniL '^ '^^ immediate perception of the distance^ size, or positioa 
ilM. podtioa, of external objecta This knowledge we gain by experience 
*^ ^ derived from continued observation, and from the other senses. 

A yoong child has no conception of distance, and grasps at the mo<m as if 
it were an object immediatelj within its reach. Persons bom blind and re- 
stored to sight bj sorgical operations^ although able to see distinctly, can not 
property comprehend any object or prospect before them. "I see men as 
trees walking," said the man bom blind when restored to sight Individuala 
thus situated acquire the correct sense of vision only by degrees, like in&nts, 
and it is by experience that they learn to walk about among the objecta 
around them, without the continual apprehension of striking thamselvea 
against every thmg they behold. 

wim la PMw Perspective is the name given to that science 
■^•^^' which teaches how to draw on a plane surface 
true pictures of objects as they appear to the eye from any 
distance and in any position. 

The skUl of the artist ooosistB in rightly applying the laws and principlea 
of perspective ; and a picture is perfect to the extent in which it agrees with, 
our experience of the objects it represents. 

714. Many optical and mental delusions are occasioned 
in estimating the siase, figure, and position of objects, by 



• ••TlieaMllMtpHli(te«fawldlBn1wlniMdlMBgnirtMAtol>7th«mk«4eT« npoaa 
blMk gronnd, or of » black ■nhrtamcie upon a vUto gronnd, la ahoafc the l-400th of aa 
laeh sqaare. It ia poaalble, by the closest attention, and by the moat fnToraUe dIreelioB 
of light, to noognlM partidtsa that art only l^MOtli of am ineh iqiiimi but wUlioat any 
sharpneaa or certainty. Bat particles wbidi strongly reflect light may be seen irhen not 
half the sixe of the least of the foregoing : thns, gold dnst of the flneneas of l-1125tk of aa 
ineh may be diaeemed by the naked eye in common dayllghl When partletea thai can 
not be distingniahed by themaelTeB with the naked eye are placed in a row, they beeoma 
TislUe ; and hence the delicacy of rlslon is greater for linea than for single partldea. 
Thoa, opoqnc threads of no more than l-^MMHh of an ineh aeroaa, or abont half ttie diam- 
eter of the silkworm's fiber, may be discerned with the naked aye whan they ara halA 
toward the light.**— i)r. OarpeiUer. 
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an erroneous application of the experience which in ordi* 
nary cases supplies true and accurate conclusions. 

Thua, to most persons a conflagration at night, however 
miidadgtt th« distant, appears as if very near. The explanation of tliis mis- 
firJ*°ui **ttie **^® ^ ^ follows ;— Light radiating from a center rapidly 
night? weakens as the distance from the center increasea^ being, for 

instance^ only one fourth part as intense at double the dis- 
taiMMi The eye learns to make these allowancee^ and by the cleameiii and» 
intensity of the light proceeding from the ol^|ect» judges with Con^idecable ao-! 
curacy of the comparatiye distance. But a fire at night appears uncommonly 
brilliant^ and therefore seems near. 

The evening-star rising over a hill-top, appears as if situated directly over 
the top of the eminence. The reason of this also is^ that in judging we make 
brightness and deamess to depend on oontigQity, as it ordinarily does; and 
as the star is bright, we unconsciously think it near usl 
WhrAothaMB ^^ consequence of terrestrial objects being placed in dose 
and moon ap- Comparison, the sun and moon appear larger at their rising 
inSa risiogMd *°^ setting than at any other time. This illusion is wholly a 
setting than at mental one, since the organs of vision do not present to us a 
ottaer ammJ larger image of the sun or moon in the horizon than when in 
the zenith, or overhead. 

Why dM« the '^^ moon, although a sphere, appears to be a flat sur&ce, 

moon,aBDhere, since it 18 SO remote that we are unable to distinguish any 

SfcaorfbM* * difference between the length of the rays reflected from the 

drcumference, and those reflected from the center. 

Thus the rays A D and C D, Fig. 290, appear to be no longer than the ray 

J. B D; but if all the rays seem 

of the same length, the part B 

^Aj -^ will not seem to be nearer to 

us than A and ; and there- 
ibre the curve ABO will look 
like a flat, or horizontal sur&ce. The rays A D and G I) are 240,000 milfit 
long. The ray B D is 238,910 miles long. 

y^^^ t^ 715. In order that the eye may see distinctly, 
^Sif^^ the picture formed upon the retina must be 
tinet virion! illuminated to the right degree, and it must 
also remain sufficiently long upon the retina to produce a; 
sensation upon the optic nerve. 

The image of an object on the retina may be illuminated too much or too 
little to produce a sensible perception of its form. Thus, we can gain no idea 
of the ibrm of the sud by viewing it in tbe dear sky, because the degree of 
illumination is so great, that the sense of vision is overpowered, jost as sounds 
are sometimes so intense as to be deafening. That it is the intense splendor 
alone which prevent^ a distinct pcrc^twn of the sun's figure^ is rendered 
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•fldntbjrllMflMsttiiakwlMn a portion of the ]%lit is OQt offby'aocdored 
glaai^ or a Ibin dood, the image of the aim is aeen distinctly. On the coa- 
traiy, we fcil lo peroeiTe many stan at night, because the images they pro- 
dnoe on the retina aie too ikintly illummated to pioduce sensation. That 
some light hom such stus actually enters the eye, is proved by the fact that 
If we place a lens be&re the eye, and collect a greater quantity of their li^t 
vpon the rettna^ they at once become Tislble. 

Ote fht eye ^h® G70 possesses a limited power of accom- 
^l^iJ^mUl iDodating itself to various degrees of ilhimi- 
■■'"***' nation. In the dait, the pupfl of the eye 
enlarges its opening, and allows a greater number of rays 
to fiftU upon the retina ; in the light, the pupil contracts 
in proportion to the intensity of the illumination, and 
diminishes the number of rays falling upon the retina. 

Why in aakv '^^^ daange does not take place instantaneously. When 

ft^m* lb* light we leave a brilliantly illuminated apartment at ni^t and go 

Syj?*aiy^ into the dark street^ we are unable lor a few moments to see 

iiAeoR at Sni any thiDg distinctly. The reason of this is, that the pupil of 

■M Mf ^^ ^^ which has become contracted in the light, is unable 



to collect sufficient rays from the objects in the dark to see 
them distmctly. In a few momenta, however, the pupil dilates, allows more 
rays to pass through its aperture, and we see more distinctly. The reverse 
of this tskes place when we go from the dark bto the light Cats, owls, and 
some other animals are able to see distinctly in the daiic, because they have 
the power of enlarging the pupils of their eyes so as to collect the scattered 
rays of light. 

Every impresrion made by light remains for a certain length of time on 
the retina of the eye, according to the intensity of its effects, and a measur- 
able period is necessary to produce a sensation. 

Whmt fteti ^^ '^ unable^ when riding rapidly on a ssihoad, to count 
proT* Urn «Qii. the poets of aa aiQoining fence, because the light from eadi 
to^^^ post fells upon the eye in such rapid succession, that the dif- 
nttiM aKr th« ferent images become oonAised and blended, and we do net 
2!n^£^f^ obtain a distinct vision of the partioular parts. 

If we rotate a stidc, lighted at one end, somewhat rapidly, 
it seems to produce a complete circle of fire ; the reason of this 1% tiiat the 
€?e retains the image of any bright object for some little time after the objeet 
is withdrawn ; and as the light of the stick returns to each particular point of 
its path before the image previously formed has feded from the ietbi% it seems 
to fbna a complete circle of first 

Wh it It not '^^^ continuance of the im p t e ss io n of external elijecta on 
dark whM^ the retina after the light proooeding from them has ceased to 
^^°^' act» is the reason slso why we aio not sensiMo of dsrknass 

when we wink. 
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The appannt motkni of oertain oolored figarai in wonted woriE, known by 
the name of the *'dandng mice/' ia due to the &ct that when the aur&oe 
IS moved in a particular direction, as from side to aide, the impreaskxi oi the 
ookv <m the retina remains for an appreciable intenrai after the figures have 
mored, and this gives to them an apparent motion. This effect will not,' 
however, take place unless the colors of the figures and the ground- woric are 
Tery brilliant and oomplementaiy of each other, as red upon a green ground. 

whenismotiaB *^16. No XDotion is perceptible to the eye 
toSS^T??'* which has a less apparent velocity than one 
degree per minute. 

It is ibr tl^B reason that the motions oi the heavenly bodies are invisible, not- 
withstanding their immense velocity. The apparent motion of the sun, moon, 
and stars, owbigto tiie revolution of tiie earth, is one quarter of a degree a 
minute; but if the earth revolved on its axis in six hours instead oi twenty- 
four, then the celestial bodies would have a motion of one degree per minute, 
and their movements would be distinctly perceptibla 

For the same reason, the motions of the hands of a dock are not per* 
oeptible to the eye. 

On the contrary, when a body moves with such rapidity fixnn one position 
to another, that its image does not remain long enough upon one point of the 
retina to sufOdently impress it, it becomes invisible. Hence it is tiiat a 
ball discharged fix>m a cannon, and passing transversely across the eye, is not 
seen. 

doir la appa- Apparent motion is afiSected by distance, and 
}^S^£, the motion of a body which is yisible at one 
*"^^ distance may be invisible at another, inasmuch 

as the angolar velocity will be increased as the distance is 
diminished. 

Thus, if an object at a distance of 5H ^o^ from the eye inove at the rate 
of a loot per second, it will appear to move at the rate of one degree per 
second, inasmuch as a line one foot long at 67^ foet distance subtends an 
angle of one degree. Now if the eye be removed fhxn snoh an object to a 
distanoeofllS foet, the apparent motion will be half a degree, or thirty min- 
utes per second; and if it be removed to thirty times that distanoe, the up- 
parent motion will be thirty times stower. Or i^ on the other hand, the eye 
be brought nearer to the olject, the apparent motion will be accelerated in 
•xaotly the same proportion as the distanoe of the eye is diminished. 

A cannon-ban moving at 1,000 miles an hour transversely to the line of 
Tisim), and at a distance of fifty yards fixxn the eye, will be invisible, since it 
will not remain a sufikdent time in any one position to produce perception. 
The moon, however, moving with more than double the velocity of the can* 
non-ball, being at a distance of 240,000 miles, has an apparent matkm toiHaw 
as to be impeiosptihie to tho uaasiistedeye^ 
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OPTICAL IV8TRUKBVT8. 

Hi^ tl7. The portable camera obscora, soch as U ordinarily 

p«rt|iM«^«M»- mod far photographic purpoeea, oonAsta of a pair of aobro- 

"^ matio double convex leoees, set in a braat mounting (see Fi^ 



Fig.29L 




291), into a box consisting of two parts, one of which 
slides within the other. The total length of the box is 
actuated to suit the focal distance of the lens. In the 
back of the box, whidi can be opened, there is a square 
piece of ground glass whidi receives the images of the 
objects to which the lens is directed, and b j sliding ih* 
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movable part of the box inor ont^ the 
ground glass can be brought to the 
predae Ibcusw The interior of the box 
is blackened all over to extinguish 
any stray light 

The appea r ance of the camera as 
described is represented by Fig. 292. 

whatanspM). 718. Specta- 
••*^' cles consist of 
two glass or crystal lenses, 
of such a character as to 
remedy the defects of vision in imperfect eyes^ — ^mounted 
in a frame so as to be conveniently supported before the 
eyes. 

Spectacles are of two kinds, namely those 
with convex glasses, which magnify objects, 
or briug their images nearer to ilie eyes ; 
and those with concave glasses, which diminish the ap- 
parent sice of objects, or extend the limits of distinct 
vision. 

Some persons, in order to protect the eye fix>m excessive lights use blue 
glasses as iqiectacles; they are, however, more mischievous than useful, sines 
they absorb different parts of the spectrum unequally, and transmit the violet 
and blue rays. 

What is* Ml- ^^^' ^ Microscope is any instrument which 

^i^fomMpef magnifies the imi^es of minute objects, and 

enables Hs to see them with greater distinctness. This 

result is produced by enlarging the angle of vision under 
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which the object is seen — since the apparent magnitude 
of every body increases or diminishes with the size of this 
angle. 

Microscopes are of two kinds — simple and compound. 
What are the ^^ *^® simple microscope, the object under 
hro ▼•rietjej examination is viewed directly, either by a 
simple or compound converging lens. 
In the compound microscope, an optical image of tho 
object, produced upon an enlarged scale, is thus viewed. 
Thb liBiple mioRMOope ia geaeiaUy a ample convex leua, in the locus d, 

which the object to be examined 
is placed. Little spheres of glass, 
fonned bj melting glass threads 
in the flame of a candle, form 
Teiy powerful microscopes. 

Fig. 293 represents the mag^ 
nlfying principle of the micro- 
scope. An eye at E would see 
the arrow A 6, under the visual 
angle A E B ; but when the 
lens, F P' is interposed, it ia 
seen mider the visual angle at 
Af £ B', and henoe it appears 
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much enlarged, as ahown in the image A' B'. 

Fig. 294 represents the most Im* 
proved form of mounting a simple 
microscope. A horizontal support, 
capable of being elevated or depressed 
by means of a screw and ratch-work, 
D, sustains a double-convex lens, A. 
The object to be viewed is placed 
upon a piece of glass, 0, upon a stand- 
ard, B, immediately below the lens. 
As it is desirable that the object to 
be magnified should be strongly 
illuminated, a concave mirror of glasa^ 
1£, is placed at the base of the instru- 
ment, inclined at such an angle as to 
reflect the rays of light which &11 
upon it directly upon the object 

wh.ti.th. 720.TheCom- 
Se^i^;^' poind Micro- 
*"""**'*' scope, ia its most 
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simple form, consists of two lenses^ so arranged that 
i^e second lens magnifies the image formed by the first 
lens, or simple microscope. In this way the image of 
the object is examined by the eye^ and not the object 
itself. 

^ The first of these lenses is called the object- 

n<wr are foe _ ,.. .., i«^ 

iMMt of • glass, or objective, smce it is always directed 
•rowoMdMic- immediately to the object, which is placed 
very near it ; and the latter the eye-glass, or 
eye-piece, inasmuch as the eye of the observer is applied 
to it to view the magnified image of the object 

FlQ. 295. 




F!g. 295 illustrates the magnifying principle of the oompotuid microBOope. 
O represents the object-glass placed near the object to be viewed, A B^and 
O, the eye-glass placed near the eje of the obsenrer, E. The object-glass, O, 
presents a magnified and inverted image, A 5, of the object at the focus of tho 
eye-glass, G. The image thus formed, by means of the second lens or eye- 
glass, G, is magnified and brought to the eye at E, so as to appear under the 
enlarged visual angle. A' E B'. If we suppose the object-glass, 0, to have a 
magnifying power of 25— that is, if the image a h equals 25 A B, and the 
eye-glass, G, to have a magnifying power of 4 — then the total magnifying 
power of the microscope will be 4 times 25, or 100; that is to say, the 
image will appear 100 times the size of the object 

Fig. 296 represents the most approved form of mounting the lenses 
'wbi(Ak compose a compound microscope. The tube, A, which contains in 
its upper part the eye-glass, slides into another tube, B, in the bottom of 
which the object-glass is fixed ; this last tube also moves up and down in 
the stand, 0, and in this way the lenses in the tubes may be adjusted to the 
proper distance fix>m each other and the object. M is a mirror for reflectuig 
light upon the object^ and S a support on which the object to be examined 
IS placed. 
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What is • 
TetoMopef 



How many 
kinds ot td«- 
■oopes ar« 
Uieref 



721. A Telescope is any ^^ 29e. 

instniment which magni- 
fies and renders visible to the eye the 

images of distant objects. This result 

is effected in the same manner as in 

the microscope, viz., by enlarging the 

visual angle under which the objects 

are seen. 

Telescopes are of two 
kinds, refracting telescopes 
and reflecting telescopes; 

the principle of construction in both 

being the same as that of the com- 
pound microscope. 

wh,ti.aRe. 722. The Refracting 

i^ng T«a©- Telescope consists essen- 
tially of two convex lenses, 

the object-glass and the eye-glass. 

An inverted image of an object, as a 

star, is produced by the object-glass, 

and magnified by the eye-glass. 

Fig. 29t represents the principle oi constraction 
of the astronomical refracting telescope. is an 

object-glass placed at the end of a tube, which collects the rajs proceeding 
from a distant object and forms an inverted image of the same at o o\ in the 
focos of the eje-glasfl^ Q. Bj this the image is magnified and viewed bj tbA 
eye at EL 

Fid. 297. 
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What !■ aa 
Equatorial 
Telescope f 



723. When a telescope is mounted on an 
axis inclined to the latitude of a place, so that 
it can follow a star, or planet, in its diurnal 

rerolution, by a single motion, it is called an Equato- 

BiAL Telescope. 

Such an instniment is generaUf moved b7 dock-woxk, and is accoratelj 
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ooanterbaUmced bj an arrangement of weights. A small telescope callod the 
finder, is attached near the eye end of the large one ; this is so adjusted that 
when the object is seen through it, it appears in the field of the large tele- 
scope, thus saving much trouble in directing the instrument toward any par- 
ticular object. 

The mountliig and attaclinients of an equatorial taleaoope are rq^reaeiited 
&FSg.298. 

Fio. 298. 




Wh»tfa»sp7. 724. A spy-glass, or terrestrial telescope, 
***"' differs from an astronomical telescope only in 
an adjustment of lenses, which enables the observer to see 
the images of objects erect instead of inverted. This is 
effected by the addition of two lenses placed between the 
eye and the image. 

The arrangement of the lenses, and the course of the rays of lights in a 
common spj-glass, are represented in Fig. 299. is the object-glass, and G 
L M the eye-glasses, placed at distances from each other equal to double their 
focal length. The progress of the rays through the object-glass, O, and the 
first eye-glass, C, is the same as in the astronomical telescope^ and an inverted 
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image is formed ; but the second lens, L, reverses the image, which is yiewed 
therefore^ in aa erect position hy the last eye-glass, M. 

Fw. 299. 




What If the 725. The common opera-glass, also called 
gnrtructfon^f ^^^ Galilean telescope from Galileo, its in- 
giMsf ventor, consists of a single convex object-glass 



Fia. 300. 




and a concave eye-glass. 

Fig. 300 represents 
the construction of this 
form of telescopa is 
a single convex object- 
glass, in the focus of 
which an inverted image 

of the object would be naturally formed, were it not for the interposition of 
the double-concave lens, E. This receiving the converging rays of lights 
causes them to diverge and enter the eye panUlel, and form an erect image. 

vHiatiB ft Re- *^26. A Reflecting Telescope consists essWs" 
fl^^ng Tele- tiallj of a concavc mirror, the image in which 
is magnified by means of a lens. The mirror 
employed in reflecting telescopes is made of polished 
metal, and is termed a speculum. 

The manner in which the rays of light £dling upon the concave speculum 
of a reflecting telescope are caused to converge to a focus is clearly shown 
in Fig. 301. The image formed at this focus is viewed through a double- 
convex lens. 

FiO. 301. 




Fig. 302 represents one of the earliest forms of the reflecting telescope, called 
trom its inventor, Mr. Gregory, the " Gregorian Telescope." It consists of 
a concave metallic speculum, A B, with a hole in its center, and a convex 
eye-glass, B, the whole being fitted into a tube. An inverted image, n' m', 
of a distant object is formed by the speculum, A B ; this image is again 
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refleotod by a small 
mirror, D, and fiirma 
an orect image at n f?», 
which is magnified hj 
the lena, E, when ob- 
senred by the ejei 



Fia. 303. 




Another form of 
the reflecting tele- 
aoopQ, called the 
Newtonian, is rep- 
resented in Fig. 303. 
It consists ofa large 
ooQoaye speculum, 
A B, set in one end 
of a tube, and a small plane mirror, D, placed obliquelj to the axis of the 
tube. The image of a distant object formed by the speculum, A B is reflect- 
ed by the mirror, C D, to a point, m' n% on the side of the tube, and is there 
yiewed through an eye-glass, £. 

Fio. 304. Large reflecting telescopes, 

at the present day, are so con- 
structed as to dispense with 
the small mirror. This is ao* 
complished by slightly inclin- 
ing the large speculum, so as 
to throw the image on onA 
aide where it ia viewed by an eye-glass, as is represented in Eig. 304. 

Fio. 305. 
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The largest telescope erer constructed is that made by Lord Rosaa This 
mstrument, which is a reflecting telescope, is located at Parsonstown, in 
Ireland. Its external appearance and method of mounting is represented in 
Fig. 305. The diameter of the speculum is 6 feet^ and its weight about 4 tons. 
The tube in which it is placed is of wood hooped with iron, 52 feet m length, 
and 7 feet in diameter. It is counterpoised in eveiy direction, and moves 
between two walls, 24 feet distant^ 72 feet long, and 48 feet high. The ob- 
senrer stands on a platform which rises or ialls^ or at great elevatiQEi upoo 
sliding galleries which draw out from the wall. 

This telescope commands an immense field of vision, and it is said that 6b* 
Jects as small as 100 yards* cube, can be distinctly observed by it in the moon 
at a distance of 240,000 miles.* 

wiutteaHagio 727. The Magic Lantern is an optical in- 
^*°*®"' strament adapted for exhibiting pictures paint- 
ed on glass in transparent colors^ on a large scale, by means 
of magnifying lenses. 

Fia. 306. 




It consists of a metallic box, or lantern, A A', Ilg. 306, contiuning a lamp^ 
L, behind which is placed a metallic concave mirror, p q. In front of the 
la'np are two lenses, fixed in a tube projecting from the side of the lantern, 
one of which, m^ is called the illuminator, and the other the magnifier. The 
objects to be exhibited 'are painted on thin plates of glass, which are intro* 
duced by a narrow opening in the tube, c d^ between the two lenseai The 
mirror and the first lens, m, serve to illuminate the painting in a high degree^ 
for the lamp being placed in their foci, they throw a brilliant light upon it^ 
and the magnifying lens, n^ which can slide in its tube a little backward and 
forward, is placed in such a position as to throw a highly magnified image of 
the drawmg upon a screen, several feet off, the precise focal distance being 
acyusted by sliding the lon& The further the lantern is withdrawn firom the 

* By the aid of this mighty instmment, **oiie of the most iron<1erftil oontrlbntiong of 
ftrt and science the world has yet seen,** what astronomers hnve before called nebala, on 
account of their cloud-like appearance, have been discovered to be stars, or suns, analo- 
gous, in all probability, in constitution, to our own sun. In the constellations Andro- 
meda and the sword-hilt of Orion, both of which are visible to th« naked eye, these 
«l«^d-like pAtches haye been seen as dusters of stars. 



368 



WELLffS HATUEAI. PHIL080FHT. 






■oraen, tiie teller the image wQl appear; bat when the distanoe is ooiisidai»- 
ble the image beoomee indistiDcL 

whfttAnDto- *^28. The beautiful optical combinations 
mAriagYinwf known as Dissolvlng Views are produced by 
means of two magic lanterns of equal power, so placed as 
to throw pictures of precisely equal magnitude on the 
same part of the same screen. By gradually closing 
the aperture of one lantern and opening that of the other, 
a picture formed by the first may seem to be dissolved 
away and changed into another. 

ThUi^ If the pictare piodaoed by one lantern re p reae n ts a dajr landscape^ 
and the picture produced bj the other the aame landscape hj nig^t, the one 
maj be changed into the other so gradually as to imitate with great exactness 
the appearance of approaching night 

729. The Solar Microscope is an optical in- 
strument constructed on the principle of the 
magic lantern, but the light which illuminates the object 
is supplied by the sun instead of a lamp. 

This result is effected bj- admitting the rays of the sun into a daikened 
room, throagh a lens placed in an aperture in a window shutter, the rays 

being received by a plane mirror fixed ob- 
liquely, outside the shutter, and thrown 
horizontally on the lens. The object is 
placed between this Ions and another 
smaller lens, as in the magic lantern ; and 
the magnified image formed is reoeiyed upon 
a so^en. In Fig. 307, which repreaents 
the construction of the solar microscope, 
is a plane mirror, A the illuminating leni^ 
and B the magnifying lena The objects to 
be magnified are placed between the lenses A and B. In ccmsequenoe of 
the superior illumination of the object by the rays of the sun, it wiU bear te 
be magnified much more highly tiian with the lantern. Hence this form of 
microscope is often employed to represent, on a very enlaiged scale, yarious 
minute natural objects, such as animalculffl existing in yarious liquids, crys- 
tallization of yarious salts, and the structure of vegetable substances. 
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CHAPTER XT. 

ELECTRICITT. 

What iB laMv 730. Electricity is one of those subtle 
*'***"3^' agents without weight, or form, that appear to 
be diffused through all nature, existing in all substances 
without affecting their volume or their temperature, or 
giving any indication of its presence when in a latent, or 
ordinary state. When, however, it is liberated from this 
repose, it is capable of producing the most sudden and 
destructive effects, or of exerting powerful influences by 
a quiet and long-continued action. 

How may dec- "^^l. Electricity may be excited, or called 
ritodf ^ ^' ^^^ activity by mechanical action, by chemical 
action, by heat, and by magnetic influence. 

We do not know anj reason why the means above enumerated should de- 
yelop electricity from its latent condition, neither do we know whether eloo- 
tricity is a material substance, a property of matter, or the vibration of an 
ether. The general opinion at the present day is that electricity, like light 
and heat, is tiie result of vibrations of an ether pervading all space. 

How iB eiec 732. The most ordinary and the easiest way 
SSay'exdSSf of exciting electricity is by mechanical action 

— by friction. 
HowdoMdM. If we rub a glass rod, or a piece of sealing- 
^^ S^tiSJ wax, or resin, or amber, with a dry woolen, or 
maaifeititsdf? ^jjj^ substaucc, thcsc substauccs will imme- 
diately acquire the property of attracting light bodies, 
such as bits of paper, silk, gold-leaf, balls of pith, etc. 

This attractive force is so great, that even at the dis^ 
tance of more than a foot, light substances are drawn to- 
ward the attracting body. The cause of this attraction 
is called electricity. 

Thales, one of the seven wise men of Greece, noticed and recorded the 
fact more than two thousand years ago, that amber when rubbed would at- 

16* 
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When !■« body 
•aid to IM eiee- 
trttodr 



Wbatlteleefcrio 
attnotlonr 



tract light bodies ; uid the name eUctrieUy, naed to designate such pheno* 
meoa baa been deriyed from the Greek word ijXeKTpoVf electron, signifjring 
amber. 

What other ef- ^^ *^® frictioD of the gkss, wax, amber, etc., 
t^^rttoTl^itil is vigorous, small streams of light will be seen, 
eiStridtf^^lI? a crackling noise heard, and sometimes a re- 
fricttoa? markable odor will be perceived. 

733. When, by friction or other means, elec- 
tricity is developed in a body, it is said to be 
electrified, or electrically excited. 

The tendency which an electrified body has 
to move toward other bodies, or of other bodies 
toward it, is ascribed to a force called electric attraction. 
whftiie(>ieetri« Evcry electrified body, in addition to its at- 
rapuUoaf tiactive force, manifests also a repulsive force. 
This is proved by the fact that light substances, afler 
touching an electrified body, recede from it just as actively 
as they approached it before contact. Such action is as- 
cribed to a force called electric repulsion. 

Thus, if we take a diy glass rod, rub it well 
with sOk, and present it to a light pith ball, or 
feather, P, suspended ftom a support by a silk 
thread, the ball or feather will be attracted to- 
ward the glass, as seen at G, Fig. 308. After it 
has adhered to it a moment, it will fly off, or be 
repelled, as P' from G'. 

The same thing will happen if sealing-wax bo 
rubbed with dry flannel, and a like experiment 
made ; but with this remarkable difference, that 
when the glass repels the ball, the sealing-wax attracts it, j^l^q 3^9^ 
and when the wax repels, the glass will attract. Thus if we 
suspend a light pith ball, or feather, by a silk thread, as in 
Fig. 309, and present a stick of excited sealing-wax, S, on 
one side^ and a tube of excited glass, G, on the other, the ball 
will commence vibrating like a pendulum from one to the 
other, being alternately attracted and repelled by each, the 
one attracting when the other repels ; hence we conclude 
that the electricities excited in the glass and wax are different 

, ^ 734 As the electricity developed by the 

IB there more -.. f 1 1 ii-i 1 

than one kind frictiou of £:lass and other hke substances is 

of electricity t ^ 

essentially different from that developed by 
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the friction of resin, wax, etc., it has been inferred that 
there are two kinds or states of electricity — the one called 
vitreous, because especially developed on glass, and the 
other resinous, because first noticed on resinous sub- 
stances. 

What if the The fundamental law which governs the re- 
SKtricid*\? lation of these two electricities to each other, 
wJSSSSa!*"* ^^^ which constitutes the basis of this depart- 
ment of physical science, may be expressed as 
follows : — 

Like electricities repel each other, unlike electricities 
attract each other. 

Thus, if two substances are charged with vitreous electridty, they repel 
each other; two substances charged with resinous electricity also repel each 
o^er ; but if one is charged with vitreous, and the other with resinous elec- 
tricity, they attract each other. 

When ta a body "^^S. Whcu a body holds its own natural 
non-eiaetrifiedr quantity of clcctricity undisturbed, it is said 
to be non-electrified. 

When an electrified body touches one that 
triaed body is nou-electrified, the electricity contained in 



noa-eiectrified, tho formcr is transferred in part to the latter. 

what oecart ? 

Thus, on touching the end of a suspended silk thread with a 

piece of excited wax or glass, electricity will pass from the wax or glass into 

the silk, and render it electrified; and the silk will exhibit the effects of the 

electricity imparted to it^ by moving toward any object that may be placed 

near it. 

736. Two theories, based upon the phenom- 
ories have been eua of attraction and repulsion, have been 
TO™ for eiSt formed to account for the nature and origin of 

electricity. These two theories are known as 
the theory of two fluids, and the theory of the single fluid; 
or the theory of Du Fay, an eminent French electrician, 
and the theory of Dr. Franklin. 

737. The theory of two fluids, or the theory 
iheoV of two of Du Fay, supposes that all bodies, in their 
*"****' natural state, are pervaded by an exceedingly 
thin subtle fluid, which is composed of two constituents. 
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or elements, viz., the yitreous and the resinous electrici-* 
ties. Each kind is supposed to repel its own particles, bat 
attract the particles of the other kind. 

When these two fluids pervade a body in equal quantities, they neutralize 
each other in Tirtue oi their mutual attraction, and remain in repose ; but 
vhen a body contains more of one than of the other, it exhibits yitreoos at 
resinous electricity, as the case may be. 

738. The theory of a single fluid, or the 
ttiMry of • theory propounded by Dr. Franklin, supposes 
the existence of a single subtile fluid, without 
weight, equally distributed throughout nature ; every sub- 
stance being so constituted as to retain a certain quantity, 
which is necessary to its physical condition. 

When a substance pervaded by this single fluid is in its natural state or 
condition, it oflTers no evidence of the presence of electricity; but when its 
natural conditioa is disturbed it appears electrified. The difference between 
the electricity developed by glass and that by resin is explained by this 
theory, by supposing electrical excitation to arise from the difference in the 
relative quantities of tiiis principle existing in the body rubbed and the nib-^ 
bor, or in their powers of receiving and retaining electricity. Thus one body 
becomes overcharged by having abstracted this principle from the other. 

>vhatawpod- 739. The two different conditions of electrlc- 
twS*llfertS- i*y> which were called by Du Fay vitreous and 
****' resinous electricities, were designated by Dr. 

Franklin as positive and negative, or plus and minus. 
Thus a body which has an overplus of electricity is called 
positive, and one that has less than its natural quantity 
is called negative. 

The theory of a sii^le fluid has, until quite recently, been generally adopted 
by scientific men, and the terms positive and negative electricities are uni- 
versally used in the place of vitreous and resinous. Within the last few 
y^ars, however, some discoveries have been made which seem to indicate 
that the theory of two fluids is the one which approaches nearest to the truth. 
What i0 Pro. ^^ addition to these two theories respecting the nature of 
fenor Fan- electricity, another has been proposed by Professor Faraday, 
SaBtrtS^7 ^ ^ England. He considers electricity to be an attribute, or 
quality of matter, like what wo conceive of the attraction of 
gravitation.* 

* It if not ©aay to peifeeUy explatn to a beginner the r\ew which has been taken by 
Profemor Faraday (who is at present the highest recognized authority on this subject) »^ 
tpecting the nature of electricity. The following statement, as given by a late writer 
(Bobert Hunt), may be Sttfllciently oomprebensiTe and clear : " Erery atom of laatter is 
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^ 740. Idght, faeat» and electridty appear to hare some prop- 

eonnection be- erties in oommon, and each may be made, under certdn cir- 
hearand'Seo^ cumstances, to produce or excite the other. All are so light, 
trldtx r sabtle, and diffusive, that it has been found impossible to recog^ 

nize in them the ordinary characteristics of matter. Some sup- 
pose that li^t^ heat, and electricity are all modifications of a common principle. 
What are th '^^^' ^^^^^^^ exists in, or may be excited in all bodies, 

electrical di- There are no exceptions to this rule, but electricity is de- 
2^2J^y '^ yeloped in some bodies with great ease, and in others with 

great difficulty. All substances, therefore, have been divided 
into two classes, viz., Electrics, or those which can be easily excited, and 
Non-electrics, or those which are excited with difficulty. Such a division is, 
however, of little practical value in science, and at present is not generally 
reoogniaed. 

There is no certain test which will enable us to determine, previous to ex- 
periment, which of two bodies submitted to friction will produce positive, and 
which negative electricity. Of all known substances, a cat^s fur is the most 
susceptible of positive, and sulphur of negative electricity. Between these 
extreme substances others might be so arranged, that any substance in the 
list being rubbed upon any other, that which holds the highest place will be 
positively electrified, and that which holds the lower place negatively elec- 
trified. For instance, smooth glass becomes positively electrified when rub- 
bed with silk or flannel, but negatively electrified when excited by the back 
of a living cat Sealing-wax becomes positive when rubbed with the metals, 
but negative by any thing else. 

Can one eiec- I^ ^^ case Can electiicity of one kind be 
dted^wuhSS excited without setting free a corresponding 
•eating free the amount of electrfcity of the other kind ; hence, 
when electricity is excited by friction, the rub- 
ber always exhibits the one, and the electric, or body 
rubbed, the other. 

What are eon- 742. Bodics differ greatly in the freedom 
nonlSJdnctow ^^^ which they allow electricity to pass over 
of electricity? ^j. through them. Those substances which 

regarded aa existing by vlrtae of eertain properties or powert, these being merely peen* 
Uar affeetions, which may be regarded as being of a similar nature to Tibratlona. It is 
assnmed that the electric state is bnt a mode or form of one of these affections. One par- 
ticle of matter, having received this form of disturbance, communicates it to all contiga- 
oas particlea— thatis, those which are next to it, although not in contact— and this com- 
mnndcation of foree takes place more or less readily, the communicating particles assuming 
a polarized state— which may he explained as a state presenting two dissimilar extremities. 
When the communication is slow, the polarized state is highest, and the body is said to 
be an insulator : insulation being the result. If the particles communicate their conditton 
readily, they are termed conductors : conduction is the result. The phenomena of In^ 
duction, or the production of like effects in contiguous bodies, if<, therefore, according t» 
this yiew, but something analogous to the communication of tremors, or ribratioDfi.** 
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facilitate its passage are called conductors ; those that re- 
tard, or almost prevent it, are called non-conductors. 

Ko soUtanoe can enttrdy preTent the panage of electricity, nor is there 
may whidi does not oppose some resistaaoe to its paasage. 

wiutt «v Of all bodies, the metals are the most per- 
ttaooesiireio^ f^^^ couductors of electricitv ; charcoal, the 
•»«*^*y' earth, water, moist air, most liquids, except 
oils, and the human body, are also good conductors of 
electricity. 

What 1. ttM 748. The velocity with which electricity 
Trtjritjof«i«o. passes through good conductors is so great, 
that the most rapid motion produced by art 
appears to be actual rest when compared to it. Some 
authorities have estimated that electricity will pass 
through copper wire at the rate of two hundred and 
eighty-eight thousand miles in a second of time — a ve- 
locity greater than that of light. The results obtained, 
however, by the United States Coast Survey, with iron 
wire, show a velocity of from 15,000 to 20,000 miles per 
second. 

What wb- Qnm shellac and gutta percha are the most 
JSS2SSS"'!!f perfect non-conductors of electricity ; sulphur, 
•****^'y^ sealing-wax, resin, and all resinous bodies, 
glass, silk, feathers, hair, dry wool, dry air, and baked 
wood are also non-conductors. 

Electricity always passes by preference over the best 
conductors. 

Thus, if a metallic chain or wire is held in the hand, one end touching the 
ground and the other brought into contact with an electrified bodj, no part 
of the electridtj will pass into the hand, the chain being a better conductor 
than the flesh of the hand. But it, while one end of the chain is in contact 
with the conductor, the other be separated from the ground, then the electricity 
will pass into the hand, and will be rendered sensible by a convulsive shock. 

whenisabody 744. Whcu a couductor of electricity is sur- 
intuiated? rouuded on all sides by non-conducting sub- 
stances, it is said to be insulated; and the non-conducting 
substances which surround it are called insulators. 
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whenisabody When a conducting body is insulated, it 
Sl^rged** with retains upon its surface the electricity com- 
eieetridfcjrr muuicated to it, and in this condition it is 
said to be charged with electricity. 

A conductor of electricity can onlj remiun electric as long as it is insulated, 
that is, sorrounded bj perfect non-conductors. The air is an insulator, since, 
if it were not so^ electricity would be instantly withdrawn by the atmosphero 
from electrified substances. Water and steam are good conductors, conse* 
quently, when the atmosphere is damp, the electricity wHl soon be lost^ 
which, in a dry condition of the air, would haye adhered to an insulated con- 
ductor for a long period of time. 

Thus a globe of metal supported on a glass pillar, or suspended by a silken 
cord, and charged with electricity, will retain the charge. If, on the con- 
trary, it were supported on a metallic pillar, or suspended by a metallic wire, 
the electricity would immediately pass away over the metallic sui&ce and 
escape. 

In the experiments made with the pith balls (g 733, Fig. 308), the silk 
thread by which they were suspended acts as an insulator, and the electricity 
with which they become charged is not able to escape. 

, ^^ 745. When electricity is communicated to 

I>oe8 electrid- i • i i • . i 

ty •ccumuiate a couducting Dody it resides merely upon the 
faee or the In- fiurfacc, aud docs uot penetrate to any depth 

terior of bodies? .,t • J ir 

withm. 

_ g- Q Thus, if a solid globe of metal suspended by a 

rilken thread, or supported upon an insulated 

I! glass pilar, be highly electrified, and two thin 

jy^ hollow caps of tin-foil or gilt paper, furnished 

r^rid^ jHk Ik with insulating handles, an is represented in 

^^^ 1|^ ^^^^ ^^' ^^^' ^ applied to it, and then withdrawn, 

it will be found that the electricity has been 

completely taken off the sphere by means of the capa 

An insulated hollow ball, however thin its substance, will contain a charge 
of electridty equal to that of a solid ball of the same size, all the electricity in 
both cases being distributed upon the surface alone. 

In the case of a spherical body charged with electricitx; 
form ofTbody ^^ distribution is equal all over the surface; but when tho 
•"Jjjjpoj **• body to which the electricity is oommuoicated is larger m one 
ditioa r ' direction than the other, the electricity is chiefly found at its 

longer extremities, and the quantity at any point of its sur- 
&ce is proportional to its distance fW>m the center. 

The shape of a body also exercises great influence in retaininjsr electricity : 
it is more easily retained by a sphere than by a spheroid or cylinder; but it 
readily escapes from a p(Mnt^ and a pointed object also reoeivea it with the 
greatest fecility. 
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yn»t It tiw '^^^' ^^® eaith is congidered as the great 
SdiSSy}' general reservoir of electricity. 

When by means of a oondactiiig ■abstSDoe a commmii- 
cation is established between a body containing an excess of electricity and 
the earthy the bodj will immediately kee its sorplua quantity, which passea 
into the earth and is lo»t by diffusion. 

What li dte- 747. When a body chaiged with electricity 
tri«iiiidiieik.r ^f QjQQ y^^j ig brought into proxiipity with 

other bodies, it is able to induce or excite in them, with- 
out coming in contact, an opposite electrical condition. 
This phenomenon is called Electrical Induction. 

ExDlaln th« '^^ ^^^ arises fix>m the general law of electrical atCnMS 

phenomeiw of tion and repulsbn. A body in its natural condition containa 
bduGaoii. ^^1 qoantitJes of positive and negatire electricities, and when 

this is the esse, the two neutralize each other, and remain in a state of equili- 
brium. But when a body duuged with electricity is brought mto proximity 
with a neutral body, disturbance immediately ensues. The electrified body, 
by its attractive and repulsive influence, separates the two electricities of the 
neutral body, repelling the one of the same kind as itself and attracting the 
other, which is unlike, or opposite. Thus, if a body electrified pontively be 
brought near a neutral body, the positive electricity of the neutral body will 
be repelled to the most remote port of its sur&ce, but the negative electricity 
will be attracted to the side which is nearest the disturbing body. Between 
these two regions a neutral line will separate those points of the body over 
which the two opposite fluids are respectively distributed. 

^^ 3jj^ Let C A D, Fig. 311, be ametaDio 

cylinder placed upon an insulating 
support) with two pith balls sus- 
pended at one end, as at I). If 
now an electrified body, E, be 
brought near to one end of the cyl- 
inder, the balls at the other ex- 
tremity will immediately diverge 
fiom one another, showing the pres- 
" ence of free electricity. This does 

not arise from a transfer of any of 
fie electric fluid from E to G, ibr upon withdrawing the electrified body, 
E, the balls will fiUl together, and appear unelectrified as before ; but the 
electricity in E decomposes by its proximity the combination of the two 
electricities in the cylinder, A D, attracting the kind opposite to itself 
toward the end nearest to it, and repeUing the same kind to the fiirther 
end. The middle part of the cylinder. A, which intervenes Detween the 
two extremities, will remain neutral, and exhibit .either positive nor negative 
electricity. 
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Explain the 
rvMoo why an 
electrified ear- 
face attracts a 
nentral, or iiii- 
eiectrifledhody. 



Fia. 312. If three (^linden are 

O placed in a row, touching 

f Y Y \ ^^® another, as in Fig. 312, 
^ l5 ^ <_j "^ £ J and a positively electrified 
r 11 Tl body, B, be brought in 

proximity to one extremity, 
the electricities of the cyl- 
inderq will be decomposed, 
the negatiTe being accumulated in K, and the positive repelled to P. If in 
this condition the cylinder P be first removed, and then tiie electrified body, 
the separate electricities will not be able to unite, as in the former experi- 
ment, but N will remain negatively, and P positively electrified. 

These experiments explain why an electrified 
surface attracts a neutral, or unelectrified body, 
such as a pith balL It is not that electricity 
causes attractions between excited and unex- 
cited bodies, the same as between bodies oppositely ex- 
cited ; but that the pith ball is first rendered opposite by 
induction, and attracted in consequence of this opposition. 
A pith ball at a few inches distance from an electrified 
suiface, is charged with electricity by induction ; and the 
kind being contrary to that of the surface, attraction en- 
sues ; when the two touch, they become of the same kind 
by conduction. 

A person may also receive an electric shock by induction. Thus, if a per- 
son stand close to a large conductor strongly charged with electricity, he 
will be sensible of a shock when this conductor is suddenly disdiarged. 
Tliis shock is produced by the sudden recompoeition of the fluids in the 
body of the person, decomposed by the previous inductive action of the 
conductor. 

What It aa ^^* ^^ clcctrical machiuc is an apparatus, 

rio^eai ma. jjy mcaus of which electricity is developed and 
accumulated, in a convenient manner for the 

purposes of experiment. 

All electrical machines consist of three 
principal parts, the rubber, the body on 
whose surface the electric fluid is evolved, 
and one or more insulated conductors, to 

which this electricity is transferred, and on which it is 

accumulated. 



Ofwhateesen- 
tial parts does 
an eleefcrieal 
machine eon- 
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DeMribo ih« 
two Tarieties 
of electrical 
oiaehines in 



Electrical machines are of two kinds, the 
plate and cylinder machines. They derive 
their names from the shape of the glass em* 
ployed to yield the electricity. 



Fig. 313. 




na. 314. 



The plato electrical machine, whidi is 
represented in Fig. 313, consists of a 
large drcolar plate of glass mounted 
upon a metallic axis, and supported up- 
on pillars fixed to a secure base, so that 
the plate can, bj means of a handle, t^, 
be turned with ease. Upon the sup- 
ports of the glass, and fixed so as to 
press easily but uniformly on the plato^ 
arc four rubbers, marked rrrr in the 
figure ; and flaps of silk, « 9, oiled on (Hie 
side, are attached to these, and secured 
to fixed supports by several silk cords. 
When the machine is put in motion, 
these flaps of silk are drawn tightly 
against the glass, and thus the fiiction is 
increased, and electricity exdted. The 
points pj> collect the electricity fhnn the glass as it revolves, and convey it to 
the prime conductor, c, which is insulated and supported by the glass rod, g. 

The cylinder electrical machine represented by 
Fig. 314, consists of a glass cylinder, so arranged 
that it can be turned on its axis by a crank, and 
supported by two uprights of wood, dried and 
varnished. F S indicates the position and ar- 
rangement of the rubber and silk, and Y that 
of the prime conductor. The principle of the con- 
struction of the cylinder machine is, in every 
respect, the same as that of the plate machine. 
What is the ^® rubber of an electrical ma- 
construction of chine consists of a cushion stuffed 
the rubber? ^^^ ^^^ ^^^ covered with 

leather, or some substance which readily generates electricity by firiction. 
The efficiency of the machine is greatly increased by covering the cudtiion 
with an amalgam, or mixture of mercury, tin, and zinc.* 

In the ordinary working of the machine, the rubber is connected by a chain 
with the ground, from whence the supply of electricity is derived. 

* The best composition of the amalgam is two parts, by weight, of zinc, one of tin, and 
six of mercury. The mercury is added to the mixture of the zinc and tin when in a fluid 
state, and the whole is then shaken in a wooden box until it is cold ; it is then reduced to 
a powder, and mixed with a sufficient quantity of lard to reduce it to the consistency of 
paste. A thin coating of this paste is spread oyer the cushion ; bat before thia is done, aU 
darti of the "**^^ing should be carefully cleaned and warmed. 
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What it the ^® receivoT of electricity from an electrical machine is 
couductor of Called the prime conductor. It usually consists of a thin brass 
^hine?'^'**^ cjlmder, or a brass rod, mounted on a glass pillar, or some 
other insulating material 

To put the electrical machine in good order, every part must be dry and 
dean, because dust or moisture would, by their conducting power, diffuse the 
electric fluid as &8t as accumulated. As a general rule, it is highly essential 
that the atmosphere should be m a dry state when electrical experiments aro 
made, as the conducting property of moist air prevents the collection of a su^ 
fident amount of dectricity for the production of striking efiSscts. In tliS 
whiter, the experiments succeed best when performed in the vicinity of a 
fire; and it is advisable to place tho apparatus in fit>nt of the fire for some 
time before it is employed. 

Eknial tii Electricity is developed by the action of an electrical ma- 

method in dime in essentially the same manner as it is m a simple glass 
fertoa? machuT ^^ ^^ Mctioo, When the glass cylinder or plate is turned 
deyeions eleo- round by the handle, the fiiction between the glass and the 
*'^^y^ rubber exdtes electridty ; positive dectridty being developed 

upon the glass, and negative upon the rubber. When the points of the prime 
conductor are presented to the revolving glass plate or cylinder, the positive 
electricity is immediately transferred to it, and it emits sparks to any conduct- 
ing substance brought near. The electridty thus abundantly excited is sup- 
plied fit>m the earth to the rubber (by means of a chain extending to the 
ground), and the rubber is continually havmg its supply drawn from it by the 
force called into action by fiiction with the glass. Tliat the electricity is de- 
rived fit>m this source is evident from the fact that but a small quantity of 
electridty can be exdted when the metallic connection between the rubber 
and the ground is removed. For this reason the chain must always be 
attached to the rubber when it is desired to develop positive dectricity, and 
to the prime conductor when negative electricity is required. 

According to the theory of a single fluid, the exdtement of electridty is aa 
follows : — the friction oC the glass and silk, by disturbing the electrical equi- 
librium deprives the rubber of its natural quantity of electricity, and it ia 
therefore lefl; in a negative state, unless a fresh quantity be continually drawn 
fix>m the earth to supply its place. The surplus quantity is collected on the 
prime conductor, which thereby becomes charged with positive electricity. 
On the hypothesis of two electric fluids, the same frictional action causes 
the separation of the vitreous from the resinous electricity in the rubber, which 
therefore remains rednously charged, unless there be a connection with tlie 
earth to restore the proportion of vitreous electridty of which the rubber has 
been deprived. 

Various other arrangements have been devised for the pro- 
l^ite *be^TCd duction and accumulation of dectridty. High-pressure steam 
M an electrical escaping from a steam-boiler carries with it minute particles 
machine r ^^ water, and the friction of these against the surface of tho 

Jet from which the steam issues produces electridty in great abundance. A 
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Fig. 315. 



■team-boiler, properij arranged and insulated, therefore oonstitates a most 
powerful elec^ical machine; and by means of an s^paratus of this character, 
constracted some time since in London, flashes of electridtj were caused to 
emanate from the prime conductor more than 22 inches in length. 

749. The Inf^^<>*j"g Stool, which is a usual 
— i«ti.^ Stool r appendage to an electrical machine, consists of 
a board of hard-baked wood, supported on 
glass legs cohered with varnish. (See Fig. 315.) It is useful for 
insulating any body charged with electricity; and a person 
standing upon such a stool, and in communication with a 
prime conductor, will become charged with electricity. 



f 



f 



What are Dta- 
•hargiiigBodsf 



F». 316. 




Fzo. 317. 



Disdttiging Bods are brass 

rods terminatmg with balls, or 
with points, fixed to glass handles. 
With these rods electricity may be taken from a 
conductor without allowing the electrical chaige 
to pass through the body of the operator. Their 
construction is represented in Fig. 316. 

An instrument called the "TJniyeiBak 
Discharger," used to convey strong 
charges of electricity through various 
substances, is represented by £1g. 317. 
It consists of two glass standards, 
through the t(^ of which two metaUle 
wires slide freely; these wires are 
pointed at the end, t, but have balls 
screwed upon them ; the other ends are furnished with rings. The balls rest 
on a table of boxwood, into which a slip of ivory, or thick glass, is inlaid. 
Sometimes a press, p% is substituted for the table, between which any sub- 
stance necessaiy to be pressed, during the discharge, is held firm. 

750. Ad Electiophorus is a simple appara- 
tus, in which a small charge of electricity may 
be generated by induction ; and this, communicated suc- 
cessively to an insulated conductor, may produce a charge 
of indefinite amount. 

It consists of a circular cake ofresm (shell-lac), r, Fig. 318, 
laid upon a metallfc plate ; upon this cake, the surface of which 




What Is aa 
Eloctrophaniaf 



Deaeribe the 
aetioTi of the 
eleetrophorua. i^g^ ^jg^^ negatively electrified by rubbing it with dry silk or fur. 



Fig. 318. 




is placed a metallic cover, M, somewhat smaller in diam- 
eter, and furnished with a glass insulating handle, K 
The negative electricity of the resin, by acting Induo- 
tively upon the two electricities combined in the cover, 
separates them — ^the positive being attracted to the 
under surface, and the negative repelled to the upper, 
on touching the cover with the finger, all the negative 
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electricity will escape, and the positive electricity alone remains, which is 
oombiued with the negative electricity of the cake of resin, so long as the 
cover is in contact with it. If we now remove the cover by its insulating 
handle, the positive electricity, which was before held at the lower part of 
the cover by the inductive action of the resin, will become free, and may be 
imparted to any insulated conductor adapted to receive It The same pro- 
cess may be repeated indefinitely, as the resinous cake loses none of its elec- 
tricity, but simply acts by induction, and thus an insulated conductor may be* 
charged to any extent 

751. Aa Electroscope is an instrument em- 
ployed to indicate the presence of free elec- 



What Is aa 
ElectroMopef 

tricity. 

What ia the 
eoQBtnietlon of 
anelectroacope? 



It usually consists of two light conducting 
bodies freely suspended, which in their natural 
state hang vertically and in contact. When 
electricity is imparted to them, they repel each other, and 
the amount of their divergence is proportioned to the 
quantity of electricity diffused on them. 

The simplest form <^the electroscope, called the " [Hth-ball deotroscope^*' 
oonsiflts of two pith-bails suspended by silk threads. When an excited body 
is presented, the balls will be first attracted, but immediately acquiring the 
flame degree of electricity as the exciting body, they repel each other. An- 
other form of the pith-ball electroscope, represented at B, Fig. 319, consists of 
two pith-balls suspended by condacting threads within a glass jar, and con- 
nected with the brass cap^ iik On touching the brass cap with an electrified 
Fia. 319. body, the two balls being similarly electri- 

fied, will repel each other. C, Fig. 319, 
represents a more delicate electroscope; 
two slips of gold lea^ g g\ being substituted 
for the pith-balls. If an excited substance, 
€^ be brought near the cap of brass, the 
leayes will instantly diverge. The best 
electrometers are carefully insulated, so that 
the electricity communicated to the balls or 
leaves may not be too soon dissipated. 

Electroscopes merely indicate 
the presence of an electrically excited body : they do not 
measure the quantity, either relatively or absolutely, of 
the electricity in action. 

What ia an 752. Au Electrometcr is an instrument for 
Bieetroiiieterr measuring the quantity of electricity. 
The most simple form of the electrometer is represented at A, Fig. 319. It 
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oonsiats of a semiciid* of Tarnished paper, or ivory, fixed npon » vertical 
rod. From the center of the semicircle a light pith-ball is suspended, and 
the number of degrees through which the ball is attracted or repelled bj any 
body brought in proximity to it, indicates in a degree the active quantity c^ 
electricity present. No very accurate results, however, can be obtained with 
this apparatus; and tat accurate investigationy^ instruments of more ingenious 
andoomplicated oonstniction are used. 

The electrometer usually employed for measuring with 
grreat accuracy small quantities of electricity, is that of 
Coulomb's, usually called the Torsion Balance. 

^^ The construction of this instrument is as follows : — A needle, 
I of or stidc of shell-lac, bearing upon one end a gilded pith-ball, is 
suspended by a fiber of silk within a glass vessel — the needle 
being so balanced, that it is free to turn horizontally around 
the pohit of suspension in every direction. When the pith-ball is electrified 
by induction, the repellent force causes the needle to turn round, and this 
prsduces a degree ci torsion, or twist in the fiber which suspends it ; and the 
tendency of the fiber to untwist, or return to its original position, measures 
the force which turns the needle. 
Within the glass vessel, which is cylin- 
drical, a graduated circle is placed, 
which measures the angle through 
which the needle is deflected. In the 
cover of the vessel an aperture is made, 
through whid) the electrified body may 
be introduced, whose force It is desired 
to indicate and measure by the ap- 
paratus. Fig. 320 represents the con- 
struction and appearance of the torsion 
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What Import. Bymcausofthe 
liLnX^ ^^^^^^ balance, 
&Kb2: Coulomb proved 
"«*' that the law of 

electrical attraction and re- 
pulsion, as influenced by dis- 
tance, is the same as the law 
of gravitation ; that is, the force varies inversely as the 
square of the distance. 

whati8»Le7. 753. Thc Lcydcu Jar is a glass vessel used 
den j«rf £^^ ^^le purposo of accumulating electricity de- 
rived from electrically excited sur&ces. 
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Enlln theac ^® principle of the Leyden Jar may j^^^ ^^1. 

tion and con- be best explained by deseribiog what is 
gj^ctionofthe called the "coated," or "fulminating 

pana" This consists of a glass plate, Fig. 
321, a, having a square leaf of tin-foil, 5, attached to each 
side. If the plate be laid upon a table, and a chain from 
the prime conductor of an electrical machine be brought 
in contact with the tin-foQ upon one side, the plate will 
become charged — ^the upper side with positive, and the 
under with negative electricity. 

If two such conductors, as the plates of tin-foil attached to 
orated ""^ne • pan© of glass, be strongly charged with electricity in the 
t*^!^*?^**^ manner described, and then, by means of the human body, be 

put in communication-— which may be done by touching one 
plate with the fingers of one hand, and the other with the fingers of the other 
hand — ^the two electric fluids in rushing together, pass through the body, and 
produce the phenomenon known as the electric shock. 

754. The Leyden Jar is constructed upon the same princi* 
ner ^wil "Jhe P^® ^"^ *^® coated pane, and its discovery, accompanied with 
principle of the the first experience of the nervous commotion known as the 
nSSl*k^oinr* electric shock, occurred in this way: In 1746, while some 

scientific gentlemen at Leyden, in Holland, were amusing them- 
selves with electrical experiments, it occurred to one of them to charge a 
tumbler of water with electricity, and learn by experiment whether it would 
afiect the taste. Accordingly, having fixed a metallic rod in the cork of a 
bottle filled with water, he presented it to the electrical machine lor the pur- 
pose of electrifying the water, holding at the same time the bottle in his hand 
by its external sur&ce, without touching the metallic rod by which the eleo- 
tricity was conducted to the water. The water, which is a conductor, re- 
ceived and retained the electricity, since the glass, a non-oonductor, by which 
it was surrounded, prevented its escape. The presence of fi^e electricity in 
the water, however, induced an opposite electricity on the outside of the glass, 
and when the operator attempted to remove the rod out of the bottle, he 
brought the two electricities into communication by means of his hand, and 
received, for the first time, a severe electric shock. Nothing could exceed 
the astonishment and consternation of the operator at this unexpected sensa- 
tion, and in describing it in a letter immediately afterward to the French 
philosopher Reaumur, he declared that for the whole kingdom of France he 
would not repeat the experiment 

The experiment, however, was soon repeated in different parts of Europe, 
and the apparatus by which it was produced received a more convenient 
form, the wat«r being replaced by some better conducting substances, aa 
metal filings, fbr which tin-foil was afterward substituted. 

The Leyden Jar, as usually constructed, con- 
eonetraction of Bists of a glass jar, Fig. 322, having a wide 
the Leyden jar. j^^q^j^^ g^j^^j coatcd, extcmally and internally, to 
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within two or three inches of the mouth, 
or to the liue a 6, with tin*foil. A wooden 
cover, well varnished, is fitted into the 
mouth of the jar, through which a stout 
hrass wire, famished with a ball, passes, 
having a chain or wire attached to its 
lower end, so as to be in contact with 
the inside coatiog. 

A Leyden jar is charged 
dmj«r\iua«I |)y presenting the brass ball 
*^' at the end of the rod of the 

jar to a prime conductor of an electrical machine in 
action, or to any other -excited surface. To charge a jar 
strongly, it is necessary that the outside coating should be 
directly or indirectly connected with the ground. 
Howl. • Lcrr- ^ Lcydcu jar is discharged by effecting a 
^jar X' communication between the outer and inner 
surfaces by means of a good conductor. 

n; whm w« have charged the jar, we hold the exterior coating in one 
hand and toQch the knob with the other, a iq?ark is observed, and the peculiar 
gensstion of the electric shock experienced. 

Any nmnber of persons can receive a shock at the same time by formmg a 
chain by holdmg each other's hands— the first person in the cirde touchmg 
tlie external coating of the jar, and the last the knob. 
_ , ' When a Leyden jar is charged, the electricity resides whoUy 

r^deJS? on the surface of the gla«; the metamccoattnphajn^ 
of » LeTd«njM ^y^^ ^ff^^ than to conduct the electeioity to the s^rfeoe of 
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the glass, and, when tiiere^ afford it a free passage ftom pomt 

^^Tto'^wer of a Leyden jar will therefore depend upon its size^ or extent 

of surface. 

As very large Jars are inconvenient and 
expensive, very strong charges of electricity 
are obtained by combining a number of jars 

A combination of 

What is «a -. - . «^ «^ 

Electrical Bat- Leydcu jafs, SO ar- 
**^' ranged that they may 

be all charged and discharged 
together, constitutes an Electri- 




BLKCTBICITT. 



38S 



forces (tf eieo- 
trieUj? 
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cai Battery. This may be effected by forming a connec- 
tion between all the wires proceeding from the interiors 
of the jars, and also connecting all their exterior coatings. 

Such an arraDgement is represented by Fig. 323. The discharge of eleo 

tricity from such a combmation is accompanied by a loud report; and when 

the number of the jars is considerable, animals tnaj be killed, metal wires 

be melted, and other effects produced analogous to those of lightnmg. 

Wbat expert- '^^^' ^^ means of an electrical machine and the Leydon 

mentsiUiiittrate Jar, many interesting and <tnninring electrical ezperimenti 
p^;i maybeperibnned. 

The phenomenon of the repulsion of substances similarly-' 
electrified, may be illustrated by means of a doll*s head coy-* 
ered with long hair. When this is at- 
tached to the prime conductor of an elec- 
trical machine, the hairs stand erect, and 
g^ye to the head a most exaggerated ap- 
pearance of fright See Fig. 324. 

The same thing may be shown by plac- 
ing a person on a stool with glass legs, 
so that he be perfectly insulated, and 
making him hold in his hand a brass rod, 
the other end of which touches the prime 
conductor ; then on turning the machine^ 
the hairs of the head will diyerge in all 
directions. 

If a small number of figures are cut 
out in paper, or caryed out of pith, and 
an excited glass tube be held a few 
inches aboye them on a table, the figures 

will immediately commence dancing up and down, assummg a yariety of droll 

positions. The experiment can be shown better by means -. 

of an electrical machine than with the excited tube, by * **' 

suspending horizontally from the prime conductor a metal 

disc a few inches aboye a flat metal surface connected with 

the earth, on which the figures are placed. On working 

the machine, the figures will dance in a most amusmg 

manner, being alternately attracted and repelled by each 

plate. See Fig. 326. 

Whmt if the ^^® electrical bells, Fig. 326, which are 

ttcperiraent of rung by electric attraction and repulsion, 

tihe^^eiectrical are good illustrations of these forces. Where 
three bells are employed, the two outer 

bells A and B, are suspended by chains, but the central 

one and the two clappers hang from silken strings. The 

middle bell is connected with the earth by a chain or wire. 

17 
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UpQD working the machine^ the oater bells become positiTely electrified, and 
Fia. 32ft. ^^® middle one, which is insulated from the 

prime conductor, becomes negative hj in- 
duction. The little clappers between them 
are alteraatelj attracted and repelled hj the 
d [ Y I P ^^^'^^ ^^ "^^'^ ^'^ producing a constant 
linging as long as the machine is in actkun. 
It was by attaching a set of bells of this 
kind to his lightning-conductor, that Dr. 
^^ Franklin reoeivod notice, by their ringing^ 
B of the pasBage of a tbundefsdoud oyer his 

apparatus. 
Let a skein of linen thread be tied in a 
knot at each end, and let one end of it be attached to some part of the con- 
ductor of a madiine. When the machine is worked the threads will become 
electrified, and will repel each other, so that the skein will swell out into a 
form resembling the meridians drawn upon a globe. 

If we ignite the extremity of a stick of sealing-wax, and bring the melted 
wax near to the prime conductor of a machine, numerous fine filaments of 
wax will fly to the conductor, and will adhere to it, formmg upon it a sort 
of network like wool This is a simple case of electrical attraction. The 
experiment will saooeed best if a small piece of wax is attached to the end 
of a metal rod. 

mimt effect hM 756. WhcQ a current of electricity passes 
Jf^^^[2i>ry through a good conductor of sufficient size to 
carry off the whole quantity of electricity 
easily, the conductor is not apparently affected by its 
passage ; but if the conductor is too small, or too imper- 
fect to transmit the electric fluid readily, very striking 
effects are produced — the conductor being not unfre- 
quently shivered to pieces in an instant. 

-_. . xnmi ^® mechanical effects exerted by electricity in passing 
mentomastrate through imperfect conductors^ may be illustrated by many 
SfeSf^SS! simple experiments. 

trieiky ? If we transmit a strong charge of electricity through water, 

the liquid will be scattered in every direction. 

A rod of wood half an inch thick may be split by a strong chai^ fi!t>m a 
Leyden jar, or battery, transmitted in the direction of its fibers. 

If we place a piece of dxy writing-paper upon the stand of a uniYersal dis- 
charger, and then transmit a charge through it, the electricity, if sufficiently 
strong, will rupture the paper. 

If we hold the flame of a candle to a metallic point projecting fiom the 
pivae conductor of an electrical machine in action, the current of air caused 
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by the issuing of a corrent of electricity fix>in the point, will be suffident to 
deflect the flame, and even blow it out 

Hotrdoesciec- "J^^^. The passagG of electricity from one 
tridty eroiye gufegtance to another is generally attended with 
an evolution of heat, and a current of electricity 
passing over an imperfect conductor, raises its temperature. 
The temperature of a good conductor of sufficient size 
to allow the electric fluid to pass freely, is not affected by 
the transmission of a current of electricity ; but if its size 
is disproportionate to the quantity of fluid passing over 
it, it will be heated to a greater or less degree. 

If a small charge of electricity be passed through small metal wire a few 
inches in length, its temperature will be sensibly elevated ; if the charge be 
increased, the wire may be made red hot, and even melted and vi^rized. 

The worst conductors of electricity suffer much greater changes of tern* 
perature by the same charge than the best conductors The charge of eleo- 
tiicity which only elevates the temperature of one conductor, will sometimes 
render another red h(}t, and will volatilize a third. 

The heat developed in the passage of electricity through 
combustible or explosive substances, which are imperfect 
conductors, causes their combustion or explosion. 

If gunpowder be scattered over dry cotton loosely wrapped round one end 
of a discharging-Tod, it may be ignited by the discharge dTa Leyden jar. 

In the same way powdered resin may be inflamed. 

Ether or alcohol may be also fired by passing through it an electric dis- 
charge. Let cold water be poured into a wine-glass, and let a thin stratum 
ofether be carefully poured upon it The ether being lighter will float on 
the water. Let a wire or chain connected with the prime conductor of a 
machine be immersed in the water, and, while the machine is in action, pro- 
sent a metallic ball to the surface of the ether. The electric charge will pass 
from the water through the ether to the ball, and will ignite the ether. 

If a person standing on an insulated stool touches the prime conductor 
irith one hand, and with the other transmits a spark to the orifice of a gaa- 
pipe from which a current of gas is escaping, the gas will be ignited. 

By the friction of the feet upon a dry woolen carpet, sufficient electricity 
may be often excited in the human body to transmit a spark to a gas-burner, 
and thus ignite the gas. 

If we bring a candle wit:h a long snufi^ that has just been extinguished, 
near to a prime conductor, so that the spark passes firom the conductor, 
through the smoke, to the candle, it may be relighted. 

Is th« eiectrie Thc elcctric fluid is not itself luminous ; but 
fluidiaminoasr j|.g mQ^jQi^ Qyer imperfect conductors, or from 
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one conducting substance to another^ is generally attended 
with an exhibition of light. 

jj. J . The strongest electric charges that can bo aocamnlated 

regarded M « in a bodj will never afford the least appearance of light so 
HH^SSiStrl ^ ^^ ^ * ^'^"^ ^ electric equilibriom exists, and the electrio 
fluids are at rest Light, therefore, must not be regarded as 
a propertj of electricity, bat as the result of a disturbance occasioned by 
electricity. 

The fbr of a cat sparkles when rubbed with the hand in 
Ibr ^>f ft cat odd weather. The reason of this is, that the friction between 
V*'*^ ' the hand and the tar produces an excitation of negative elec- 

tricity in the hand, and positive in the fur, and an interchange of the two 
is accompanied with a spark, or appearance of light 
Whiu if the Whonthefinger, j^^ 327 

Ibrm of the OT a brass ball at . 
•iMirieiiiarkr the end of a rod, is 
presented to the prime conductor 
of an electrical machme in action, 
a spark is produced by the passage 
of the fluid firom the conductor to | 
the flnger or the metal This 
spark has an irregular zigzag form, resembling^ more or less, the appearance 
of lightning, as shown ui Fig. 327. 

i7p<ra what does The length of the electric spark will vary 
tooiicngthonhe ^jti^ lY^Q power of the machine. A very 
***P*«»*' powerful machine will so charge its prime 

conductor, that sparks may be taken from it at the 
distance of 30 inches. 

„ , Ifthepartofei. ^^'^^^ 

How does • ^- ^ I , . ^- — — 

point influenoa ther of the electn- 

Stff^ritT cally excited bod- 
ies which is pre- I 
sented to the other has the form ' 
of a point, the electric fluid will | 
escape, not in the form of a spark, 
but as a brush, or pencU of light, 
the diverging rays of which have sometimes a length of two or three bdiefc 
fig. 328 represents this appearance. 

A substance parting with electricity generally exhibits an uregular sparic; 
or ilaah of light; while a substance absorbing electricity exhibits a brush or 
glow of light 

What ia the Tho Kipidity of the electric light is marvel- 
^to^s^k? ous; and it has been experimentally shown 
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that the duration of the light of the spark does not 
exceed the one-millionth part of a second,* 

When the coDtinoitj of a substance condacting electricity is interrupted, a 
spark will be produced at every point where the course of the conductor ia 
broken. 

A great rariety of beautiful experiments may be performed to illustrate 
this principle. Thus^ upon a piece of glass may be placed at a short distance 

from each other any number of bits or 

FiO. 329. pieces of tin-foO, as is represented by 

Fig. 329 ; when the metal at either end 

is connected with the prime conductor 

of an electrical machine, the sparks wUl 

pass atom one piece of tin-foil to the 

other, and form a stream of beautiful 

light. By varying the position of the 

pieces of tin-fofl, letters^ or any other devices may be exhibited at the pleasure 

of the operator. 

In a like manner, by fasten- 

FlG. 330 ing by means of lac-vamiah a 

^^ spiral line of pieces of tin-foil 

I 7/" ^^^jff""^ -^"^ jf^^ ^ j^ J^^^\X\ ^^^ ***® interior of a tube, as 
VJj r ^ ^ ^ -r ^' ^ ^ . — qj jg represented m Fig; 330, a 

serpentine line of fire may be 
made to pass from one end of the tube to the other. 

* The arrangement by which this faet was deinonstrated by Mr. Wheatstone of England, 
may be described as follows: — Considerable lengths of copper wire (about half a mile 
being employed), are so arranged, that three small breaks occnr in its continuity — one near 
the outer coatings of • Leyden Jar, one near the connection with the inner coating, and 
another exactly in the middle of the wire~HBo that three sparks are seen at every dis- 
charge, one at the break near the source of excitation, another in the middle of its path, 
and the third close to the point of returning connection ; these, by bending the wire, are 
brought eloM together. ExacUy opposite to this was plaoed a metalllo speculum, fixed 
on an axis, and made to revolve parallel to the line of the three sparks. When a spark 
of light Is viewed in a rapidly revolving mirror, a long line is seen instead of a point It 
wOl be obvious that three lines of light will be seen in the revolving mirror every time a 
discharge takes place, and that If the first or the last differ in the smallest portion pf time, 
these lines must begin at di£Rerent points on the speculum. 

When the mirror revolved slowly, the position of the lines was uniform, thus : . 

but when the velocity was increased, they appeared thus ' ; those pro- 

duced by the sparks at either end of the wire being constantly coincident, but the spark 
evolved at the break in the middle being slighay behind the other two. From this, It 
appears that the disturbance commences simultaneously at either end of a circuit, and 
travels toward the middle. This has been adduced in proof qf the two electricities. It 
was thus determined that electricity moves through copper wire at a rate beyond 288,000 
miles in a seeond. It will be evident to any one eonsidering the subject, that the length 
of the line seen in the speculum depends on the duration of the spark. When the mirror 
was made to revolve 800 times in a second, the image of the spark, at 10 feet distance, 
appeared to the eye of tiie observer to make an are of about half a degree, and from this 
its duration was calculated.— J7un(L 
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upoBwhatdoM 758. The intensity of the electric light de- 
SS^^'^lStriJ pends both upon the density of the accumu- 
ught dep«udf la^e^j electricity, and the density and nature of 
the aerial medium through which' the spark passes. 

Thus, the electric light, in condensed air, is yerj bright, and in a rarefied 
•tmoaphere it is fiunt and diflVisive, like the light of the aurora borealia ; in 
cart)onic add gas the light is white and intense; it is red and iaint in hydro- 
gen, jellow in steam, and green in c^her or alcohol 

H ma the ^^ ^^ means of an air-pump, the air is exhausted from a 
aorormi light b« long cylindrical tube dosed at each end with a metallic a^ 
initotadr ^^ ^ current of electricity passed through it, an imitation of 

the appearance of the aurora borealis is produced. When the ezhanstion of 
the tube Is neariy perfect, the whole length of the tube will exhibit a violet 
red light If a small quantity of air be admitted, luminous flashes will be seen 
to issue from points attadicd to the caps. As more and more air is admitted, 
the flashes of light whidi glide in a serpentine form down the interior of the 
tube will become more thin and white, until at last the electricity will cease 
to be difiVised through the column of air, and will appear as a glimmering 
light at the two points. 

759. The crackling noise, or sound which is produced 
by the electric discharge, is attributed to the sudden dis- 
placement of the particles of air, or other medium 
through which the electric fluid passes. 

760. The electric shock, or convulsive sensation occa- 
sioned by the passage of the electric fluid through the 
body of a man, or animal, is supposed to arise from a 
momentary derangement of the organs of the body, ow- 
ing to an imperfection, or difference in the conducting 
power of the solids and fluids which compose them. 

If this derangement does not exceed the power of the parts to recover thdr 
position and organization, a oonvulsiye sensation is felt, the violence of which 
is greater or less according to the force of electridty and the consequent de> 
rangement of the organs ; but if it exceeds this limit, a permanent injury, or evea 
death, may ensua 

What are th« 761. lu tho proccsses hithcrto described 
^ta i^nl! electricity has been developed by friction. In 
SS?tricu//*°* nature the agents which are undoubtedly the 
most active in producing and exciting elec- 
tricity, are the light and heat of the sun's rays. 

The change of form or state in bodies is also one of the 
most powerful methods of exciting electricity. 
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Water, in paasing into steam by artificial heat, or in evaporating bj tbe ao- 
tion of the sun or wind, generates large quantities of electridlj. The crystal- 
lization of solids from liquids, all changes of temperature, the growth and de- 
cay of vegetables^ are also instrumental in producing electrical phenomena. 

DoesTitai and Keccnt investigations have shown that vital 
S)°n^x<Steei^ action and all muscular movements in man 
^^^^y^ and animals, develop or produce electricity; it 

may also be shown by direct experiment that a person 
can not even contract the muscles of the arm without ex- 
citing an electrical action. 

Certain animals are gifted with the extraordinary power of produdng at 
pleasure considerable quantities of electricity in their system, and of commu- 
nicating it to other animals, or substances. Among these the electrical eel 
and the torpedo are most remarkable, the former of which can send out a 
charge soiBclent to knock down and stun a man, or a horse. The electricity 
generated by these animals appears to be the same in character as that pro- 
duced by the electiical machine. 

762. It has of late become the habit with many to regard 
xeuon 'hi ^ electricity as the agent of all phenomena in the natural world, 
oibing un- ^jj^ cause of which may not be apparent For this there is no 
in^"to deo- good reason. Electricity is difiused through all matter, and 
*f^^7^ is ever active, and many of its phenomena can not be satis&c- 

torily explained ; but it is governed, like all other forces of nature, by oer^ 
tain fixed laws, and it is by no means a necessary agent in all the operations 
of nature. It therefore argues great ignorance to refer without examination 
every mysterious phenomenon to the influence of electricity. 

SECTION I. 

ATX08PHBBI0 BLBOTBICITT. 

DeMeiectridty 763. Elcctricity is alwajs found in the air, 
"^"^hew?**" ^^^ appears to increase in strength and quan- 
tity with the altitude. 
-What kind of It is sometimes different in the lower re- 
StoS*^ ** gions from what it is in the upper, heing posi- 
S^tolV'*" tive in one and negative in the other ; but in 
the ordinary state of the atmosphere, its elec- 
tricity is invariably positive. 

When the sky is overcast, and the clouds are moving 
in different directions, the atmosphere is subject to great 
and sudden variations, rapidly changing from positive 
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to negatire, and back again in the space of a few min- 
utes. 

^^^ The principal causes wbicli are supposed to 

poMdtooeoa. producc electrlcity in the atmosphere are, 
to uw aimw. evaporation from the earth's surface, chemical 
changes which take place upon the earth's 
surface, and the expansion, condensation, and variation of 
temperatore of the atmosphere and of the moisture con- 
tained in it. 

When a iiibttaiioe is barning^ pomtiye electricity eflcapes fix>m it into the 
atmosphere^ while the Bubstance itself becomes negatively electrified. Tbaa 
the air becomes the leoeptade of a vast amount of positive electiicity geneiw 
ated in this manner. 

The atmosphere is most highly charged with 

tm electricity when hot weather succeeds a series 

ehaivBd wiiS of wct davs, or wet weather follows a succes- 

sion of dry days. 

There is more electricity in the atmosphere during the 

cold of winter than in the summer months. 

Lightning is accumulated electricity, generally dis^ 
charged from the clouds to the earth, but sometimes 
from the earth to the clouds. 

Who flnt «. 764 The identity of lightning and electric- 
weStto?* *rf ity was first established by Dr. FrankUn, at 
SSl^r* Phfladelphia, in 1752. 

The manner in which this Ihct was demonstrated was as £)!• 
Si?»'**S»MiI ^^* • — ^^*^8 made a kite of a large silk handkerchief stretch- 
ment ed Upon a frame, and placed npon it a pointed iron wire ooo* 

nected with the string, he raised it upon the approach of 
a thnnder-storm. A key was attached to the lower end of the hempen 
string holding the kite, and to this one end of a silk ribbon was tied, 
the other end being fastened to a post The kite was now insolated, 
and the experimenter for a considerable time awaited the result with 
great solicitude. FinaUj, indk»tions of electridty began to appear on tho 
string; and on Franklin presenting his knuckles to the key, he reoeiyed 
an electric spark. The rain beginning to descend, wet the suing, increased 
its conducting power, and yiyid sparks in great abundance flashed fix>m 
the key. Franklin afterward charged Leyden jars with lightning, and 
made other experimentSi similar to those usually perfonned with electrical 
machines. 
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Why mB this "^^ experiment, as thus performed, was one of great risk 
experiment one and danger, siDce the whole amount of electricity contained in 
^^ great dan- ^^ thunder-cloud was liable to pass from it, by means of 
the string, to the earth, notwithstanding the use of the silk 
insulator.* 

"What is the ^^^ whatever cause electricity is present in the air, the 
cause of li^t- douds appear to collect and retain it ; and when a cloud over- 
^^^ ' charged with electric fluid approaches another which is under- 

eharged, the fluid rushes from the former into tbe latter. In a like manner, 
the fluid may pass from the cloud to the earth, and in such cases elevated 
objects upon the earth's surface, as trees, steeples, etc , appear to govern its 
direction. 

u d hat ^^^^ * cloud highly charged with electricity is near to the 

cireumstances earth, the surface of the earth, for a great extent, may also 
para ^m"the ^®^°^® highly charged by induction ; and when the tension 
earth to the of the electricity becomes sufficiently great, or the two eleo- 
cioads? ^j^Q surfaces come sufficiently near, a flash of lightning not 

unfrequently passes from the earth to the douds. In this way an equilibrium 
of the two elements is restored. 

Lightning douds are sometimes greatly elevated above the surfece of the 
earth, and sometimes actually touch the earth with one of their edges ; they 
are, however, rarely discharged in a thunder-storm when they are more than 
700 yards above the surface of the earth. 

Hoir many '^^^' Lightning has been divided into three 
SS'^irf thl?e*f ti^<i8> viz., zigzag, or cLain-lightning, sheet- 
lightning, and ball-lightning. 
Explain the The zigzag, or jforked appearance of lightning. Is believed to 
SvSrse appear- ^^ occasioned by the resistance of the air, which diverts the 
ance of light- electric current from a direct course. The globular form of 
"* lightning sometimes observed, is not satisfactorily accounted 

lor. What is called " sheet," or " heat" lightning, is sometimes the reflection 
in the atmosphere of lightning very remote, or not distinctly visible; but gen- 
erally this phenomenon is occasioned by the play of silent flashes of electricity 
between the clouds, the amount of electridty developed not being sufficient to 
produce any other effects than the mere flash of light 

766. The usual explanation of thunder is, 

cattle of than- that it is duo to a sudden displacement of the 

particles of air hj the electrical current. Others 

have supposed that the passage of the electricity creates 

• When the experiment vas^nhseqnently repeated in France, streams of electric fire, 
nine and ten feet in length, and an inch in thickneM, darted spontaneonaty with lend re- 
ports from the end of the string confining the kite. Daring the sncceeding year, Prof. 
Bichman of St Petersburg, in making experiments somevhat similar, and having his 
apparatus entirely insulated, was immediately killed. 

17* 
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a ▼acuam, and that the air rushing in to fill it produces 
the soaud. Every explanation that has yet been offered 
is somewhat unsatisfactory. 

The rolling of tbo thaader has been ascribed to the effect of edio^ but thia 
undoabtedly ia not the onlj caose. The rolling of thunder Is heard as per- 
fectly at sea as upon land, but there none oi the causes which are generallj 
eapposed to produce echo^ as monntainis hills, buildmgs, etc., etc., are present 
Another, and perhaps the true reason is, that the sound is developed by the 
lightning in passing through the air, and consequently separate sounds aro 
produced at eveiy point through which the lightning passes. 
whAM A th Thunder-storms prevail most in the torrid zone, and decrease 

in frequency toward either pole. In the arotic regions thunder- 



moat preTmur storms seldom or never occur. As {espects time, they are 
most frequent in the summer months. 

What is called a thunder-storm may he considered to 
be merely an effort of nature to effect an equilibrium of 
forces which have become disturbed. 

.^^ 161. A knowledge of the laws of electricity has enabled 

Ugbtning eon- man to protect himself from its destructive iniOuences. Light- 
hUf^^ood^"^ ning-rods, or conductors, were first introduced by Dr. Frank- 
lin. He was induced to recommend their adoption as a means 
of protection to buildings, etc., from observing that electricity could be quietly 
and g^radually withdrawn from an excited sur&ce by means of a good con* 
ductor, which was pohited at its extremity. 

What if a -^.s ordinarily constructed, a lightning-con- 
iightiihig.rodr doctor consists of a metal rod fixed in the 
earth, running up the whole height of a building and ris- 
ing to a point above it. 

The best metal that can be used for a lischt- 
lightning-rod uiDg-rod IS coppcr ; if iron is used, the rod 
should not be less than three quarters of an 
inch in diameter. When only one rod is used, it should 
be continuous from the top to the bottom, and an entiro 
metallic communication should exist throughout its whole 
length. This law is violated when the joints of the several 
parts that form the conductor are imperfect, and when the 
whole is loosely put together. 

The rod should also be of the same dimensions through- 
out. The rod is best fastened to the building by wooden 
supports. If there are masses of metal about the build- 
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ing, as gutters, pipes, etc., they should be connected with 
the rod by strips of metal, and directly, if possible, with 
the ground. The lower end of the rod, where it enters 
the ground, should be divided into two or three branches, 
and turned from the building. 

It ought also to extend so &r below the sor&oe of the gpround as to reach 
water, or earth that is permaQently damp. It is, moreover, a good plan to 
bury the end of the lightning-rod in powdered charooal, sinoe this pre- 
serves in a measure the iron from rust, and ftcilitates the passage of the 
electricity. 

A building will be most perfectly protected when the lightning^ooaductor 
has several branches, with pointed rods projecting freely in the air fiom dis- 
tant summits of the building, and connected with the main rod. 

Professor Faraday advises that lightning-conductors should be arranged 
upon the inside of buildings rather than upon the outside. 

What spaee -^ lightuiug-conductor of sufficient size is 
JSdJrotort?*" Relieved to protect a circle the diameter of 
which is four times the length of that part of 
the rod which rises above the building. Thus, if the rod 
rises two feet above the house, it will protect the building 
for (at least) eight feet all round. 

When mar a "^ lightning-conductor may be productive of harm in two 
lightning-rod ways ; if the rod be broken or disconnected, the electric fluid, 
Sh£m?°^^ ^^S obstructed in its passage, may enter the building; and 
if the rod be not large enough to conduct the whole current 
to the earth, the lightning will fuse the metal and enter the building. 

A lightnmg-conductor protects a building even when no visible discharge 
takes place, by attracting the electricity of an approaching cloud, and caus- 
ing it to pass off silently and quietly into the earth. This process commences 
as soon as the doud has approached a position vertically over the rod. 
What laoM '^^^' "^^ '^g*'^ Safety in a thunder-storm, it is prudent, if 
are safe and Out of doors, to avoid trees and elevated objects of every 
^a?la a^Siui- ^^^ which the'lightning would be likely to strike in its pas- 
Aer-fltormr sago to the earth. A stream of water, being a good conduc- 

ductor, should be avoided. 

If within doors, the middle of a carpeted room is tolerably safe, provided 
there is no lamp hanging from the ceiling. It is prudent to avoid the neigh- 
borhood of chimneys, because lightning may enter the room by them, soot 
being a good conductor. For the same reason, a person should remove as 
far as possible from metals, mirrors, and gilt articles. The safest position that 
can be occupied is to lie upon a bed in the middle of a room — feathers and 
hair being excellent non-conductors. In all cases, the position of safety ia 
that in which the body can not assist as a conductor to the lightning. The 
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posltioii ofsarroimding bodiM mail tfaereibre be attended to^ whether a per- 
aon be inaolated or not 

The i^preheiiBioii and lolidtade reapectmg ligfatning are proportioDate to 
the magnitude of the evils it prodaoes^ rather than the firequencj of its occnr- 
ranoeu The cbaooes of an individual beiug killed by lightning are infinitely 
less th<M» those which he encounters in his daily walks, in his occupation, or 
eren during his sleep from the destruction of the house in which he lodges by 
lira. 

a>w «r8 the '^^^' The mechanical power exerted by light- 
fy^i'S%^ mng is enormous and difficult to accomit for. 
^|MMiuitod Arago supposed that the heat of the light- 
ning in passing through any substance^ in- 
stantly converted all the moisture contained in it into 
steam of a highly explosive character, and that the great 
mechanical effects observed are due to this agent rather 
than to the direct effect of the electric current. A tem- 
perature that can instantly render iron red hot, is known 
to be sufficient to generate steam of such an elastic force 
that it would overcome all obstacles, and if the water con- 
tained in the pores of bodies is at once converted into 
steam of this character, its force would be capable of pro- 
ducing any of the mechanical effects witnessed in lightning 
discharges. 

Another theory supposes that the natural electricities 
of non-conducting bodies are forcibly decomposed by the 
presence of the electric fluid which forms the lightning, 
and that their violent separation forces every thing asun- 
der which tends to confine them. 

wii*t iB th« 770. The phenomenon of the aurora borealis 
S2SmtoreauI? ^ suppoBcd to be duc to thc passagc of electric 
currents through the higher regions of the 
atmosphere — the different colors manifested being pro- 
duced by the passage of the electricity through air of dif- 
ferent densities. 

Where docs the ^^ the northern hemisphere the aurora al- 
•uroraappear? ^j^yg appcafs in the north, but in the south- 
ern hemisphere it appears in the south ; it seems to origin- 
ate at or near the poles of the earth, and is consequently 
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seen in its greatest perfection within the arctic and an- 
tarctic circles.* 

The aurora is not a local phenomenon, but is seen simultaneously at places 
widely remote from each other, as in Europe and America. 

The general height of the aurora is supposed to be between one and two 
hundred miles above the surface of the earth ; but it sometimes appears 
within the region of the doaJs. 

. Auroras occur more frequently in the winter than m the summer, and are 
cnly seen at night They afieet m a peculiar manner the magnetic needle 
and the electric telegraph, and as the disturbances occasioned in these in- 
struments are noticed by day as well as by night, there cui be no doubt of the 
occurrence of the aurora at all hours. The intense light of the son, however, 
renders the auroral light invisible during the day. 

FiO. 33L 




The accompanying figure represents one of the most beautiful of the au- 
roral phenomena. 

It has often been asserted, and on good authority, that sounds have been 
beard attending the phenomena of the aurora, like the rustling of silk, or the 
sound and crackling of a fire. On this pointy however, there is great difTcr- 
ence of opinioa 

Auroras appear to be subject to some variation in their appearance, extend- 
ing through a curcle of years. Thus, from 1705 to 1752, the northern lights 
became more and more frequent, but after that for a period they were seen but 
rarely. Smce 1820 they have been quite frequent and brilliant 

* In the arctic and antarctic cirde«, when the sun is absent, the aurora appears with a 
magnificence unknown in other regions, and affords light suffl^nfc for many of the ordi- 
nary out-door employments. 



What It GO- 



CHAPTER XVI. 

galyakism: 

771. Electricity excited or produced by 
Jrid^f****" *^^ chemical action of two or more dissimilar 
substances upon each other is termed Oal- 
▼aDic, or Voltaic Electricity, and the department of 
physical science which treat-s of this form of electrical 
disturbance is called Galvanism. 

wbftt ■impie The most simple metbod of illustrating the 
JSSfter'thi production of galvanic el^tricity is by placing 
SS?ilSc**"6ieof * piece of silver (as a coin) on the tongue, and 
triidtjt a piece of zinc underneath. So long as the 

two metals are kept asunder no effect will be noticed, but 
when their ends are brought together, a distinct thrill will 
pass through the tongue, a metallic taste will diffuse itself, 
and, if the eyes are closed, a sensation of light will be evi- 
dent at the same moment. 

This result is owing to a chemical action which is developed the moment 
t>ie two metals toach each other. The saliva of the tongue acts chemicalljr 
upon, or oxydizes a portion of the zinc^ which excites electricity, for no chem- 
ical action evor takes place without produdng electridty . Upon bringing 
the ends of the two metals together, a slight curr^it passes torn one to the 
other. 

If a living fish, or a fW>g, having a small piece of tinfoQ on its back, be 
placed upon a piece of sine, spasms of the muscles will be excited whenever 
a metallic communication is made between the sine and the tin>foiL 

whenMidhoir The production of electricity by the chemi- 
SwtiidtJr^lS cal action of two metals when brought in con- 
•overedf ^^^^^ y^^ £j^|. noticed by Galvani, professor of 

anatomy at Bologna, Italy, in 1790. 

His attention was directed to the subject in the following manner: — Hav- 
ing occasion to dissect several fh>gs, he hung up their hind legs on some cop- 
per hooks, until he might find it necessary to use them for illustration. In 
this manner he happen«4 ^ suspend a number of the copper hooks on an 
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iron balcony, when, to hia groat astonishment, the limbs were thrown into 
violent convulsions. On investigating the phenomenon, he found that the 
mere contact of dissimilar metals with the moist sur&ces of the muscles and 
nerves^ was all that was necessary to produce the convulsions. 

FiO. 332. 




This smgular action of electricity, first noticed by Galvani, may be expert^ 
mentally exhibited without difficulty. Fig. 332 represents the extremities 
of a frog, with the upper part dissected in such a way as to exhibit the nerves 
of the legs, and a portion of the spinal marrow. If we now take two thin 
pieces of copper and sdnc, G Z, and place one under the nerves, and the other 
in contact with the muscles of the leg, we shall find that so long as the two 
pieces of metal are separated, so long will the limbs remain motionless; but 
by making a connection, instantly the whole lower extremities will be thrown 
into violent convulsions, quivering and stretching themselves in a manner too 
singular to describe. If the wire is kept closely in contact, these phenomena 
are of momentary duration, but are renewed every time the contact is made 
and broken. 

Galvani attributed these movements of the muscles to a 
kind of nervous fluid pervading the animal system, similar to 
the electric fluid, which passed fix)m the nerves to the mus* 
des, as soon as the two were brought in communication with 
each other, by means of the metallic connection, in the same way as a dis- 
charge takes place between the external and internal coatings of a Leydca 
jar. He therefore called the supposed fluid animal cl^tricity. 



To what did 
Qalvanl attri- 
bute theie phe- 
nomena? 
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Wfc»i wM d*. ^* experimenti of Galyaoi were repeated by Volta, ah 
terml- ed fej emineDt Italian philoflopber, who found that no electrical or 
^^^^ neryoos excitement took place unless a communication be- 

tween the muscles and the nenres was made bj two different metalsi as cop- 
per and iron, or coppor and dna He considered that electricity was produced 
by simple contact of the disshnilar metala, positive electricity being evolved from 
the one and negative electricity fiom the other. 

whmt to the ^he true cause of electrical excitement occa- 
SSrfiSTdi Bioned by the contact of dissimilar metals is 
J^'^iSSl ^^^ ^^'^y ascertained to be chemical ao- 
•oioMtdir ^Jqjj . nu^i recent researches have also proved 
that no chemical action ever takes place without the de- 
velopment of free electricity. 

The electricity produced by chemical action has been 
termed Galvanic, or Voltaic Electricity, in honor of Gal- 
vani and Volta, who first developed its phenomena. 
How does ft>i- 772. Galvanic electricity, or the electricity 
SSlr ordfnS? developed by chemical action, differs from fric- 
eiectridtyr tioual, or Ordinary electricity, chiefly in its 
continuance of action. The electricity developed by fric- 
tion from a glass plate, or the cylinder of an electrical 
machine, exhibits itself in sudden and intermittent shocks, 
accompanied with a sort of explosion ; whereas that which 
is generated by chemical action is a steady, flowing current 

The fundamental principle which forms the hasis of the science of galvanic 
electricity is as follows : 

Any two metals, or more generally, any two 
forasthJbMiA different bodies which are conductors of elec- 
Sf gaitSSo tricity, when placed in contact, develop elec- 
** ^ tricity by chemical action — positive electricity 
flowing from the metal which is acted upon most power- 
fully, and negative electricity from the other. 

In general, that metal which is acted upon 
tro-positive most casily is termed the electro-positive metal^ 
n^ttT« eio- or element ; and the other the electro-nega- 
°**° tive metal, or element. 

The electrical force or power generated in this way is 
called the electro-motive force. 
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773. Different bodies placed in contact manifest differ- 
ent electro-motive forces, or develop different quantities 
of electricity. 

„ Bodies capable of developing electricity by contact may bo 

les capable of arranged in a series in such a manner that any one placed in 
Jr<?mo§Te^**** <^°*^* ^^*^ another holding a lower place in the serieS) wiU 
forces be daaai- re6eive the positive fluid, and the lower one the negative fluid ; 
and the more remote they stand from each other in the order 
of the series^ the more decidedly will the electricity be developed by theit 
oontact. 

The most common substances used for excitmg galvanic electricity may be 
arranged in such a series as follows : — ^zinc, lead, tin, antimony, iron, brassy 
copper, silver, gold, platmum, black lead or graphite, and charcoal. 

Hius, zinc and lead, when brought in contact, will produce electricity, but 
it will be much less active than that produced by the union of zinc and iron, 
or the same metal and copper, and the last less active than zinc and platmum 
or zinc and charooaL 

114k, In the production of galvanic electricity for practical 
purposes, it is necessary to have a combination of three dif- 
ferent conductors, or elements, one of which must be solid 
and one fluid, while the third may be either solid or fluid. 
The process usually adopted is to place between two plates 
of different kinds of metal a liquid capable of exciting some chemical action 
on one of the plates, while it has no action, or a different action upon the 
other. A conmiunication is then formed between the two plates. 

When two metals capable of exciting elec* 
tricity are so arranged and connected that the 
positive and negative electricities can meet and flow in 
opposite directions, they are said to form a galvanic cir- 
cuit, or circle. 

De^ribeadm. ^ ^^^7 «^°^P^^ ^^ ^^' ^^^' 

pie Oaivaoie at the same time an ac* 
Battery. ^^^ galvanic circuit may 

be formed by an arrangement as repre- 
sented in Fig. 333. C and Z are thin 
plates of copper and zinc immersed in a 
glass vessel containing a very weak so- 
lution of sulphuric acid and water. 
Metallic contact can be made between 
the plates by wires, X and W, which 
are soldered to them. If now the wires 
are connected, as at Y, a galvanic cir- 
cuit will be formed ; positive electridty 
passing from thu zinc through the liq- 
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nid, to the eopper, and from ttie copper along the oondocting-wires to the 
Einc, as iDdicated bj the arrows in the figure. A cuirent c€ negatiye eleo- 
tridty at the nme tiine traveraefl the circuit alao, from the copper to the 
sinci in a direction precisely reversed. 
Such an arrangement is called a simple galvanic battery. 

What an the ^^6 two metals forming the elements of the 
^ bitter bfttteiy are generally connected by copper 
wires ; the ends of these wires, or the terminal 
points of any other connecting medium osed, are called the 
poles of the battery. 

ThQ% when sine and copper plates are used, the end of the wire conTeying 
positive electricity from the copper wookl be the positive pole, and the end of 
the wire conveying negative electrid^ from the ainc plate would be the 
negative pole. Faraday describes the poles of the battery as the doors by 
which electricity enters into or passes oat of the substance sufiering deoom- 
position, and in accordance with this view he has given to the poeittve pole 
the name of oaod^ or ascending way, and to the negative pole the name of 
caOiode, or descending way. 

At Vint point The manifestations of electricity will be most 
to ^M^idii^ apparent at that point of the circuit where the 
^S^^JUf two currents of positive and negative electricity 
meet. 

When if n dr. ^^^^^ t^® two wires connecting the metal plates of a bat- 
eoit Mid to be tery are brongfat in contact, the galvanic circuit is said to be 
^'^'^^ dosed. No sign of electrical excitement is then visible; the 

action, nevertheless, continues. The opposite electricities collected at the 
poles, in particular, neutralize each other perfectly on meeting ; every trace 
of electricity must therefore vanish, as when a Leyden jar is diacbaiged, if a 
fresh quantity were not oontinuaDy produced by tiie pairs of plates. If the 
wires which conduct the two electricities be slightly disconnected, a spark 
will be observed at the point of interruption. 

^^^ In the formation of a galvanic drcuit, by the employment 

theory of the of two metals and a liquid, the chemical action which gives 
'SraSo^^^ele^ rise to the electricity takes place thxDugh a decomposition of 
tridt/. the liquid: It is, tiierefore, essential to the formation of an 

active galvanic circuit, that the liquid employed should be c»> 
pable of being decomposed. Water is most oonvenientiy applicable for this 
purpose. When a plate of zinc and copper are immersed in water, the ele- 
ments of the water, oxygen and hydrogen, are separated from each other, in 
consequence of the greater attraction which the oxygen has for the zina The 
oxygen, therefore, unites with the zinc, and by so doing produces an altera- 
tion in the electrical condition of the metal. The zinc communicating its nat- 
ural share of electricity to the liquid, becomes negatively electrified. The 



OALYAKISir. 403 

• 

copper attracting the same electricity from the liquid, becomes positiyelj 
electrified, ; at the same time the hydrogen, which is the other element of 
the water, is also attracted to the copper, and appears in minute bubbles upon 
its surface. If the two metal plates be now connected with metallic wures, 
positive electricity will flow from the copper and negative electricity from the 
zinc, and by the union of these two an electric current will be formed.* 

With water alone and two metals, the quantity of electricity excited is very 
small, but by the addition of a small quantity of some acid, the excitement ia 
greatly increased. 

WhtA is til Althoi:^h two metal plates are employed in the arrangement 

necessity of two described, only one of them is active in the excitement of eleo- 
^^c ctojuU? " tricity, the other plate serving merely as a conductor to collect 
the force generated. A metal plate is generally used for this 
purpose, because metals conduct electricity much better than other substances 
exposing an equal surface to the fluids in which they are immersed ; but other 
conductors may be used, and when a proportionately larger sur&ce is ex- 
posed to compensate for inferior conducting power, they answer as well, and 
in some instances better, than metal plates. Thus charcoal is very often em- 
ployed in the place of copper, and a very hard material obtained from the in- 
terior of gas retorts, called graphite, is considered one of the best conductors. 

Two metals are not absolutely essential to the formation of a simple gal- 
vanic circuit A current may be obtained from one metal and two liquids, 
provided the liquids are such that a stronger chemical action takes place on 
one side of the metal plate than on the other. 

In some electric batteries also, two metals and two dissimilar liquids are 
employed. 

„ . 775. The electricity developed by a simple 

How may gal- , ,, '' , ^ '' -» t* 

vanic action be galvaiiic ciFCUit, Whether it be composed of 

incroased f 

two metals and a liquid, or any other combin- 
ation, is exceedingly feeble. Its power can, howerer, be 
increased to any extent by a repetition of the simple com- 
binations. 

* The terms " electric flnid** and ** eleetrie current,** which are frequently employed In 
describing electrical phenomena, are calculated to mislead the student into the eupposi- 
tton that electricity is known to be a fluid, and that it flows in a rapid stream along the 
wires. Such terms, it should be understood, are founded merelj on an assumed analogy 
of the electric foree to fluid bodies. The nature of that force is unknown, and whether its 
transmission be in the form of a current, or by yibrations, or by any other means, is mi- 
determined. 

In a discussion which took place some years since at a meeting of the British Associa- 
tion for the Advancement of Science, respecting the nature of electricity. Professor Ftora- 
day expressed his opinion as follows : — ** There was a time when I thought I knew some* 
thing about the matter ; but the longer I lire, and the more carefiilly I study the subjecti 
the more conyinoed T am of my total ignorance of the nature of electricity.** 

" After such an avowal as this,** says Mr. Bakewell, *■*■ from the most eminent electrician 
of the age, it is almost useless to say that any terras which seem to designate the form of 
electricity are merely to be considered as oonyenient eonyentieaal expressions.** 
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Th0 flrat attempt to incfMM TiQ. 334 

^Uto^olta^ theiwwerof agalTamodrcuit 
bj inoreasiiig the number of 
the ooiDbination8» was made by Yolta. He 
ooDstracted a pile of sino and copper plates 
with a moiatened cioth hiteipoeed between 
•aoh. He oommenoed with a zino piate, upon 
which he placed a copper plate of the aame 
iiie^ and on that a circular jMeoe of doth pre- 
TkNMlj soaked in water aUghtljr acidulated. 
On the doth was laid another plate of zmc^ 
then copper, and again doth, and so on in soo- 
cession, until a pile of fiftj series of alternate 
metal plates and moistened doths was fisrmed, 
the terminal plate of the series at one end being 
copper and at the other end adna A metallic 
wire attached to the highest copper plate will 
oonstituto the positiTe pole^ and another to the bwest zinc plate the negative 
pole of such a seriea 

Fig. 334 represents Yolta*s arrangement of metal plates and wet dotbs^ 
wHh the metallic wirea^ which constitute the polea. 

Such combinations are denominated Voltaic Piles, or 
Voltaic Batteries, and very often Galvanic Batteries. 

As two different metals and an intorposdng liquid are generally employed 
for this purpose, it has been usual to call these combiDations pairs or dements; 
so that the battery is said to consist of so many pairs or elements, each pair 
or element consisting of two metals and a liquid. 

776. Yoltaic piles or batteries have FiO. 33S. 

J2„J2^ "JJ been composed and constructed in 
Toltaio piles a great variety of form& by oombin* 
^f mg together m a series vanous sub- 

stances whidi excite dectricity when 
acted upon chemically. 

Thus, they have been constructed entirely of veg- 
etable substances, without resorting to the use of 
any metal, by pladng discs of beet-root and walnut- 
wood in contact With such a pUe, and a leaf of 
grass as a conductor, convulsions in the musdes of a 
dead frog are said to have been produced. Other 
experimentalists have formed voltaic piles wholly 
of animal substances. 

A perfectly dry voltiuc pile, known 

bc^B^iSS"** from its inventor as Zamboni's Pile, 

may be formed of sheets of gilded 

paper and sheet zinc. If several thousands of these 
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Describe the 
trough battery. 



b« packed together in a glass tube, so that their similar metallic feces shall 
ail look the same way, and be pressed tightly together at each end by metallic 
plates, it will be found that one extremity of the pUe is positire and the 
otlier negative. Such a series will last more than twenty years, but it re« 
quires as many as 10,000 pairs to afford sparks yisible in daylight, and to 
charge the Leyden jar. 

Fig. 335 represents a pair of these piles, so arranged as to produce what 
has been called a perpetual motion. Two piles, P N, are placed in such a 
position that their poles are reversed, and between them a light pendulun^ 
Tibrating on an axis and insulated on a glass pillar. This pendulum is alteiw 
nately attracted to one and then to the other, and thus rings two little bells 
connected with the positive and negative poles. 

The galvanic batteries in practiced use at the present time ^Uffer confflder- 
ably in form and efficiency, but the principle of construction in all is the same 
as that of the original voltaic pile. 

A very effective FlO. 336. 

arrangement known 
as the trough bat- 
tery, is represented in Fig. 336. 
This consists of a trough of wood 
divided into water-tight cells, or 
partitions, each cell being arranged 
to receive a pair of zinc and copper 
plates. The plates are attached to 
a bar of wood, and connected wif h 
one another by metallic wires, in 
sach a way that every copper plate 
is connected with the zinc plate of 
the next cell The battery is excited by means of dilute sulphuric acid poured 
into the cells, and the current of electridty is directed by wires soldered to the 
extreme plates. When the battery is not in use the plates may be raised from 
the trough by means of the wooden bar. 

The battery by which Sir Humphrey Davy effected his splendid chemical 
discoveries was of this form, and consisted of two thousand double plates of 
copper and zinc, each plate having a sur&ce of thirty-two square inches. 
Now, however, by improved arrangements, we can prodooa with tea or 
twenty pairs of pkutes^ effects every way superior. 

Fka 33T. 
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^Thftt to tiM 




la otbei and mora efltdent oompoand galvaiiio dicuitS) the Dxddng liquid 
to placed in a eeriee of aeparato cape, or glasses, arranged in a circle, or m 
parallel lines. Each cap oontaina one zinc and one copper plate, not tmme 
diately in coniiection with each other, but eveiy zinc plate of one cup is con 
oected with the copper plate of the preceding, by a copper band, or wire^ 
This anrangement is represented in Fig. 337, the copper plate, and the direo* 
tioa of the positive ourrent being indicated hj the sign +, and the zinc plats 
and tlie directioii of the negative ourrent by the sign — , 

Tha simplest ibrm of galvanic battery at present used is 
^SS^ '^°***^ ^^^ invented by Mr. Smee, and known as Smee's battery 
(See FSg. 338.) It oonaistB of a plate of silver coated with 
platinum, suspended between two plates of zinc, s s, the sur- ^q^ 333^ 
faces of which last have been coated with mercury, or amal- 
gamated, as it to called.* The three are attached to a wooden 
bar, which serves to support the whole m a tumbler, G, par- 
tially filled with a weak solution of sulphuric acid and water. 
rhe wires, or poles for directing the current gf electricity are 
jonneoted with the zinc and platinum plates by small screw- 
«p% 8 and A. 

Another form of battery, called the sulphate 
of oopp&t battery, from the foot that a solution 
of sulphate of copper (blue vitriol) to used as 
he exciting liquid, to represented by Fig. 339. It otmstots of two concentrio 
jylinders of o^^fier tightly soldered to a copper bottcnoy 
«nd a zino cylinder, Z, fitting in between them. The 
'inc cylinder, when let down into the solution, to pre- 
sented from touching the copper by means of three 
lieoes of wood or ivory, shown in the figure. Two 
«rew-cups for holding the connecting wires are at- 
acfaed, one to the outer copper cylinder, and the other 
4> thesina 

The principaJ impoifeotioa of the gal- 
vanic battery to the vrant of uniformity 
in its actioa. In all the various forms 
the strength of the electrie current ex- 
cited continually diminishes from the moment the battery 
action oommenoes. In the sulphate of copper battery, especially, tiie power 
in redaced to almost notLirg in a comparatively brief space of time. Thto w 
f chiefly owing to the circumstance that the metallic plates soon become 
voated with the products of the chemical decomposition, the result of the 
sHemioal action, whereby the electricity to developed. 

Thto difficulty to obviated, in a great degree, by the use of a diaphragm, of 
porous partition, between the two metallic plates, which allows a free contact 

* It la found thftt 1>7 eoating the dne iriih meroary, the waste of the sine to greatly 
diminished. It to not well onderatood ia what waj the mereory eontributee to thto elliaet 
We have a parallel to it in the rnbber of the eleotrieal machine, whidt, when coated with 
an amalsaai ef sine and tin, aeto with greater eAdeney than ander any ether otoeaai 
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What la the 
eonstmction of 
OroTe*8 bat- 
terj7 




:3f the liquid on each aide, within its pores, but prevents the solid proctacts 
of decomposition from passing from one plate to the other. 
Describe Dan- I^aniel's constant batteiy, constructed according to this 
lei* 8 constant principle, and represented in Eig. 340, mn-in^mi^ an effective 
battery, galvanic action longer 

than any other ; a is a hollow cylinder 
of copper; z, a solid rod of amalgam- 
ated zinc; and e^ a porous tube of 
earthenware separating the twa 
Diluted sulphuric is placed in the 
porous tube, and a saturated solution 
of sulphate of copper in the copper 
cylinder. 

One of the most effi- 
cient batteries is that 
known as Grove's bat- 
tery, from its inventor, and is the form generally used for 
telegraphmg and for other purposes in which powerful galvanic action is re- 
quired. It consists of a plain glass tumbler, in which is placed a cylinder of 
amalgamated zinc, with an opening on one side to allow a &ee circulation of 
the liquid Within this cylinder is placed a porous cup, or cell, of earthen- 
ware, in which is suspended a strip of platinum &stened to the end of a zbo 
arm projecting from the adjoining zinc cylinder. The porous cup containing 
the platinum is filled with strong nitric acid, and the outer vessel containing 

the zinc with weak sulphuric 
FlO. 341. add. Fig. 341 represents a 

series of these cups, arranged 
to form a oompound drcmt, 
with their terminal poles, P 
and Z. This form of battery 
is objectionable on account 
of the corrosive character of 
the acids employed, and 
the deleterious vapors that 
arise from it when in ao- 
tion. 
777. The electricity evolved by a single gal- 
^^®^Sj2to vai^c circle is great in quantity, but weak in 
intensity. 

These two qualities may be compared to heat oi different temperatures. A 
gallon of water at a temperature of 100° has a greater quantity of heat than a 
pint at 200° ; but the heat of the latter is more intense than that of the former. 

What Is the dia- The clectricity, on the contrary, produced 
S^'Srfri^SSS "^y friction, or that of the electrical machine, 
eieatridtyr jg small iu quantity, but of high tension, 02 
intensitv. 




What is the dia- 
tinedre charao- 

eleetridtff 
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niaiitntto the Wctlonil electricity ia capable of passing for a considerable 
ditfmneet be- distance through or over a non-conducting or insulating sub- 
dectridde^^ Stance, which galvanic electricity can not do. Thus, the a^ajk 
from a prime conductor will leap toward a conducting sub- 
■taoce for tome dirtanoe thiougfa the air, which is a non-conductor; but if ^ 
current of galvanio electricity ia resisted by the slightest insulation, or the in- 
terposition of some non-oonducting substance, the action at once stops. Grat- 
Tanic electricity will traverse a circuit of 2,000 miles of wire, rather than mak-i 
a short circuit by overleaping a space of resisting air not exceeding one hun- 
dredth part of an inch. Frictional electricity, on the other hand, will forcci 
passage across a considerable interva], in preference to taking a long ciicult 
through a conducting wire^ or at least tiie greater portion of it will pass 
through the air, though some part of the charge will always traverse the wire. 

Frictional electricity produces very slight chemical or heating effects; gal- 
fanio electricity produces veiy powerful effects. 

A proper and simple arrangement of a zinc plate and a little acidulated 
water, will produce as much electricity in three seconds of time as a Leyden 
Jar battery charged with thirty turns of a large and powerful plate electrical 
machine in perfect action. The shock received by transmitting this quantity 
of galvanic electricity through the animal system would be hardly perceptible^ 
but received from a Leyden jar, would be highly dangerous^ and perhaps 
&taL A grain of water may be decomposed and separated into its two ele- 
ments, oxygon and hydrogen, by a very simple galvanic battery, in a very 
short time ; but 800,000 such charges of a Leyden jar battery, as above re- 
ferred to, would be reqmred to supply electricity sufficient to accomplish the 
same result Such a quantity of electricity sent forth from a Leyden jar 
would be equal to a very powerful flash of lightning. 

upo^whetdoee The quantity of electricity excited in a gal- 
?anto*ctertSS '^^ic circuit is directly proportional to the 
tf depend? amouut of chcmical action that takes place — 
as between the zinc and the acid. By increasing the 
amount of surface exposed to chemical action, we there- 
fore increase the quantity of electricity evolved. 

Hence, gigantic plates have been constructed for the purpose of obtaining 
an immense quantity. 

The intensity of the electricity evolved de- 
inteDiUf de- pends upon the number of plates, and is greats 
^^ est when the voltaic pile is made up of a great 

number of small plates. 

Supposing an equal amount of surface of copper and zinc employed, the 
shock, and other indications of a strong charge, would be greater if it were 
cut up into many small circles, than if it formed a few large ones. But tho 
actual quantit/ of excitement would be greatest with the large plates. 
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How may Toi- T78. When the wire, from one end of a vol- 
toter^^a^ taic battery is connected with the wire from 
renawadf ^j^^ opposito end, voltaic action instantly com- 
mences ; and it as instantaneously ceases when the con- 
nection is interrupted. The rapidity with which the elec- 
tric circuit may be completed and broken has no ascertained 
limit ; nor does it appear to be controlled by resistanca 
caused by traversing miles of wire. 

*niat w th» '^'^^- ^^^ °^^* ordinary cflFects produced by 
3fe^*!5*^ the developed electricity of a large galvanic 
janie eieefcriei. battery, are the production of sparks and bril- 
liant flashes of light, the heating and fusing 
of metals, the ignition of gunpowder and other inflam- 
mable substances, and the decomposition of water, saline 
compounds, and metallic oxyds. 

^^ ^ . Heat is evolved whenever a s^alvanic cur- 
™io eiertrid. rent passes over a conducting body, the amount 
of which will depend on the quantity and in- 
tensity of the electricity transmitted, and upon the re- 
sistance which the body offers to the passage of the cur- 
rent. 

The metals differ greatly in their conducting power. Thna, if we \mk 
together pieces of copper, iron, sUver, and platinum wire, and pass a galvanic 
current along them, they will be found to be unequallj heated, the platinum 
being the most, and the copper the least ^ 

The easiest method of showing by experiment the heating 
hMtfng^^^u power of the galvanic current is to connnect the poles of a 
of gaiTanlB batteiy by means of a fine platinum wire. If the wire is rery 
UiuBtnit^r long it may become hot; shorten it to a certain extent, and 

it will become red-hot; Morten it still more, and it will be- 
come white-hot, and finally melt If such a wire is carried through a small 
quantity of salt water on a watch-glass, the liquid will boil ; if through alco- 
hol, ether, or phosphorus, they will be inflamed ; if through gunpowder, it will 
be exploded. 

What nraefifiai ^^^ powcr has been applied to the purpose of firing blasts, 
appiioation haa OT mines of gunpowder, an operation which may be effected 
^Vver f **' ^^ ^^^ facility under water. The process is as follows :— 

The wires firom a sufficiently powerfhl battery are connected 
by a piece of fine platinum wire, which is placed in a mass of gunpowder con- 
tuned in a cavity of a rock, or inclosed in a yessel beneath the surfikse of 
watec Tho wire may be of any length, but the momtnt oannaotioii is made 

18 
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with ttM iMKttaiy ttM 0tBimt pttm^ niiden tfa« pUttimim rad-hot| and ex. 
plodM tiw th0 powder.* 

The greatest artificial heat man has jet soooeeded in pro- 
gjniim Liii* dociDg has been througfa the ^geacJ of the galTanic battery. 
mdoMd^ ^ -^ ^^ metalSi inoiuding platinum, whioh can not be ftised 
by any fiunaoe heat, are readily melted. Gold bums with a 
Uaeiah lights silver with a bright green flame, and the combustion of the 
other metals is always aocompanied with brilliant resolta. All the earthy 
ntaienls m^ be liqoeAed by being placed between the poles of a sufiSciently 
large battery. Sapphire^ quartz^ slate^ and lime, are readily melted ; and 
the diamond itself fuses, boila^ and becomes oonrerted into ooaL 

Hev an ttie 780. The luminoos efiects of the galyanic 
iSh!^ t£ battery are no less remarkable than its beating 
g^* !^,.jy: efiSects. A very small voltaic arrangement is 
^^ sufficient to produce a spark of light every 

time the circuit is closed or opened. If the two ends of 
wires proceeding from the opposite poles of a battery are 
brought nearly tc^ther, a bright spark will pass from one 
to the other, and this takes place even imder water, or in 
a vacuum, 

Hoir maj the The most Splendid artificial light known ia 
SSfieki^ii^ produced by fixing pieces of pointed charcoal 
bepiednoedf ^ ^j^q wircs conuectcd with opposite poles of a 
powerful galvanic battery, and bringing them within a short 
distance of each other. The space between the points is 
occupied by an arch of flame that nearly equals in dazzling 
brightness the rays of the sun. 

This light) which is termed the electric light; differs firom 

^tlSleiri^h^i ^ o^^^ forms of artificial lights inasmuch as it is independent 

^^h^ ^SSmm ^ ordinary combustion. The charcoal points appear to suffer 

l» ghtM » no change^ and the light is equally strong and brilliant in a 

vacuum, and in such gases as do not contain oxygen, where 

* hk t%e eoforte of the eonatnietloii of a Tmlltraj recently in England, It became neeee- 
aaiy Id detaeh a large man of rock from a eliif on the eoa-ooaat in order to avoid the ex- 
pense of a long tnnneL To hare done this by the direet appUeatlon of hamsa labor and 
the ordinary operatfons of blastti^, wonld hare been attended with an immense expendi- 
tnre of time and money. It was aoeordingly resolred to blow it np with gunpowder, 
ignited by thogahraole battery. Nine tons of powder were aoeordingly deposited in cfaam- 
bers at from 60 to 70 feet from the face of the diff. and flred by aoondnctinif wire eonaeeted 
with a powerful battery, placed at 1,000 feet from the mine. The explosion detached 
400,000 tons* weight of chalk from the diit It was prored that this might ba«e been 
•qaanyeftcled at the dlstaaoe of 8,000 feet This bold eiperiment ea^^id eii^t i 
labor and $60,000 oxpsBif. 
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an other artiflcial lights would be exUog^hed. U vasf eren be prodaoed 
under water. To excite the electricity, however, which ocoafiona this ]%ht, 
zinc or some other mutal must be oxjdiased, or what is the same thing burnt, 
the same as oil in our lamps, or coal in the gas retorts for the production of 
other species of artificial light 

The effects of the galvanic battery upon the 
phy^oiogicai nervcs and muscles of the animal system are 
▼?^ eteetrit of the same character as those pioduced by 
^^^ ordinary electricity. 

On grasping the two ends of the connecting wfa^ of a battery of some 
force with wet hands, a peculiar tremor will be felt in the joints of the arm 
and hand, accompanied b/ a slight contortion of the musdea, and inisreasing 
to a violent diock. This shook is repeated eveiy time a contact between the 
hand and the wire is broken and renewed. The concussion of the nerves of 
the bbdj is, therefore, produced by the entrance and exit of the currents of 
electricity ; for they evidently must pass through the body the moment it forma 
tiie connecting link between the two poles. 

By a particubr arrangement, the drcuit may be closed or interrupted at 
pleasure, and in such a manner that the current may be made to pass alter- 
nately through the wires and the body; the latter being thus exposed to a 
aeries of shocks which are considered particularly adapted for the cure of 
diseases arising from the injury or derangement of the nervous system. It is, 
inoreover, a highly valuable remedy in cases of suffocation, drowning, paraiy* 
sis, etc. , and numerous arrangements have been at various times proposed 
for the construction of medico-galvanic machines. 

The effects of galvanic electricity on bodies recently deprived of life is very 
remarkable, and it was through an accidental observance of its action upon a 
dead fro^ that galvanism was discovered. By connectmg the muscles and 
nerves of recently-killed animals with the poles of a battery, many of the 
movements of life may be produced. Some remarkable experiments of this 
character were made some years since upon the body of a man recently 
executed for murder at Olaagow, in Scotland. The voltaic battery em- 
ployed consisted of 270 pairs of plates, four inches square. On 'i4>plying 
one pole of the battery to the forehead and the other to the heel, the 
muscles are described to have moved with fearful activity, so that rage^ 
anguish, and despair, with horrid smiles, were exhibited upon the 



781. Galvanic electricity is a powerfhl agent in effecting chemical deoom* 
positbns, and in its application to such purposes, it is most practically useful 

Can giivante When a current of galvanic ekotricity is 
Sf^fmiSa niade to pass through a compound conducting 
d^oaaporittonf gubstauce, its tendency is to decompose and 
separate it into its constituent parts. 
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Thoi^ witer ii ta m^tm t d of two gtte^ ozjgen and hjdio- 
g«i nailed tog«CiMr. WImii the wires connecting tiie poles 
of a galvanie bstterf are pleoed in water, and* a sniBcienaj 
to pass through them, the water is deoompoeed, the 
hydrogen being given oat at the negatiye pole of liie 
' batterf , and th6 oxygea at the podttve pole. fig. 
342 represents a tona of apparatus by whidi tius 
experiment can be performed in a yeiy satisfactorf 
manner. It consists of two tabes, O and H, sup^. 
ported Terticsllf in a smsfl reseryoir of water,' 
and two slips of platmnm, jp p^ whidi can be con- 
nected with the poles of a Tdtaic tnttery, passing 
in at the open end of the tabes. When commmii- 
cation is effected between the platinum slips and a 
battery in action, gas rapidly rises in eadi tube and 
collects in the upper part In that tube wfaidi is in 
connection with the positiTe pole of the battery oxygen aocomulates, and in 
the other hydrogen. And it wHl be notioed that the quantity of the latter is 
equal to twice the quantity of the former gaS| since water containfl by Tolnrae 
twice ss modi l^ydrogen as it does oxygen. 

The explanation of this phenomenon may be briefly given 
ss foQowB :— All atoms of matter are regarded as originally 
charged with either positive or negative electricity. In the 
case of water, hydrogen is the electro-positive element and 
oxygen the electro-negative element It has been already 
shown that bodies in opposite electrical states are attracted by each other. 
Hence, when the poles of a galvanic battery are immersed in water, the nega- 
tive pole win attract the positive hydrogen, and the positive pole the negative 
oxygen. If the attractive ibroe of the two electricities generated by theibat- 
tery is greater than the attractive force which unites the two elemental o^gen 
and hydrogen, together in the water, the compound will be decomposed. Upon 
the same principle other compound substances rni^ be deoomposed, by em- 
ploying a greater or less amount of electricity. In this way Sir Humphrey 
t)avy made tlie discovery that potash, soda, lime, and other bodies^ weie not 
sim^e in their nature, as had previously been supposed, but compounds of a 
metal with oxygen. 

t82. Recent experiments have shown that the electricity 
which decomposes, and that which is evolved by the decom- 
position of a certain quantity of matter, are alike. Thus, prater 
18 composed of oxygen and hydrogen; now, if the electrical 
power which holds a grain of water in combination, or which 
causes a grain of oxygen and hydrogen to unitb hi the right proportions 
to form water, could be collected and thrown into a voltaic current, it 
would be exactly tl^e quantity required to produce the dec om posi t ion 
of a grain^of water or the liberation of its elementSi oxygen and hy- 
drogen. ■* ■ 
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•wiut If Ml T83. For convenience in certain expcri- 
*'**'***•' ments, the ends of the copper wires connect- 
ing the. poles of the galvanic battery are frequently 
terminated with thin strips of platinum, which are called 
Electrodes. The platinum slip connected with the i>o8i- 
tivepole forms the positive electrode, and that with the 
negative pole, the negative electrode. 

Platmam is used for the reason^ that in employing the bafttery Unr eflfeeting 
deoompositioiis, it is fV^quently neceasaiy to immeise the ends of the oon- 
dufiting wires in corrosiye liquidsi and this metal generally is not affected by 



wi»t is Eiee- 784 Elcctro-metallurgy, or electrotyping, is 
*'<«»«*^"'Ky* the art or process of depositing, from a metal- 
lic solution, through the agency of galvanic electricity, a 
coating or film of metal upon some other substance.^ 
Upon wimt is The process is based on the fact, that when 
the^^^proceM ^ galvauic currcut is passed thupugh a solu- 
tion of some metal, as of sulphate of copper 
(sulphuric acid and oxyd of copper)^ decomposition takes 
place ; the metal is separated in a metallic state, and 
attaches itself to the negative pole, or to any substance 
that maybe attached to the negative pole; while the 
oxygen pr other substance before in combination with the 
metal, goes to, and is deposited on the positive pole. 

In tins way a medal, a wood-engraYing, or a plaster cast, if attached to th« 
negatlTC pole of a battery, and placed in a solution of copper opposite to the 
poffidTe pole, will be covered with a coating of copper; if the solution con- 
tains gold or mlver instead of copper, the substance will be covered with a 
coating of gold or silver in the place of copper. 

The thickness of the deposit, providing the supply of 
the metallic solution be kept constant, will depend on the 
length of time the object is exposed to the influence of the 
battery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can be 
laid on, or it may be made several inches or feet in thickness^ if desired. 

The usual arrangement for oondcctingtheeleotrotype process is represented 

* The general name of eleetro-inetannrg7 Indndet all the varione preeesaes and remilts 
which dlffercat fnTentors and mannfteknren hare dealgnated aa gahrano-plaatJe, tfeetro* 
•plaatle, galvaiio-typt, eleekro<4ypliig, and electro-plafttng and gOding^ 
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bffig,BiM, Ileoariiiiof AtraoghefwoodyCraneirttitaTeeidyOOQtaiiHi!^ 
the aohitioo, tfa« deoompontioQ of which iideaired— for exaioi^, sulpbaie of 
ooppar. Two wirea, one cooDOcted with the pontiTe, and the other with the 
DcgatiTo pole of m betleiy, Q, are T tended along the top of the trough, Mid 
■ u pportadeniodiofdiy waod^BanAlX Bia ■iiial, at other artide to he 
ooalad, ia attaohad to the aigatiie wita^ aadapbtoof netallioooppar totbe 
Whao hoth of theaa are iaiiianBed in the liquid, the action 
aulphato of oopper ia deoompoaed — the copper being de- 
poaitod on the medal, and the Hberatod oxygen on the copper plate* Aatha 
wHtMlmwalofthaawtolfroai the aofatiangoea on, the copper plate attached 
to the poaltif« pole vndafgoea curroakin by the aoiphmic add which ia liber- 
ated and at t r ac t ed to it, and anlphate of copper ia fixmed. This, diaaolTing in 
the U^foid, maintains it at a constant strength. When the operator jttdges 
thai the dspoait an the medal is anffieiattt^ thick, be remoyes it from the 
trough, and detaches the coating. The deposit is prevented from adhering to 
the medal by nibbing its suriacto in the first instance with oil, or blade-lead, 
and if it ii desired that any part of the svr&ce shmdd be left micoatod, timt 
port&oii it aoffwad with WBK, or aoaa otb 

ViO.843. 




Li this way a most perfect reversed copy of the medal is obtained, — ^that ia^ 
the elevations and depressions of the original are reversed in the copy. To 
obtain a fiM>simile of the original, the eleotretype cast is subjected to a repe- 
tition of the process. 

In general, it is found more convenient to mold the object to be repro- 
duced in wax, or Plaster of Paris. The surface of this cast is then brushed 
over with black-lead to render it a conductor, and the metal deposited directly 
upon it The deposit obtained will then exacUy resemble the or^^inal ob- 
ject 

The pages and engravings in the book befbre the reader are illnstrations of 
the perfection and practical application of the electrotype process. The en- 
gravings were first cut upon wood-blocks, and then, with the ordinary type^ 
£«med into pages. Oasts of the whole in wax were next made^ and an dec- 
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Iroin^ ootttiiig of copper deposited npon them, and from the copper plates 
80 foimed the book was printed. The great advantage of this is, that the 
copper being harder than the ordinary type metal, is more durable, and re* 
sists the wear of printing fix>m its surfiMO ibr a longer period. 
How hM the ^^^ inqnovement eflfected by electro-metattnrgy hi engrav- 
eieetrotTpe lug is veiy great When a oopper plate is engraved, and un- 
JJJ^^f*^ presBions printed off fiom it, only the first few, called "proof 
imprassioos," possess t&e fineness of the engraver's deUneation. 
The plate rapidly wears and becomes deteriorated. Bat by the electrotype 
process^ the original plate can at once be multiplied hito a great many plates 
as good tm itBel( and an unlimited number of the finest impressioDS pn>- 
cund. 

In this w»y the map plates of the Coast Survey of the United States, some 
of which reqmre the labor of the engraver for years, and cost thousands of 
doUars^ are reproduced— the original plate being never printed fix>m. 

One of the simplest illustrations of metallic deposit by electro-chemical ao- 
tion is afforded by the following experiment : — ^Put a piece of silver in a glass 
containing a solution of sulphate of copper, and into the same glass insert' a 
piece of zma No change will take place in either metal so long as they are kept 
apart; but as soon as they touch, the copper willj;)e deposited upon the sil- 
ver, and if it be allowed to remain, the part immersed will be completely 
covered with oopper, which will adhere so firmly that mere rubbing alone will 
not remove it 

Hov doM the 785. When two metals which are positive 
mefaSi^^aff^ ^^^ oegative in their electrical relations to 
their dorabuitj! ^j^j^ othcr, are brought in contact, a galvanic 
action takes place which. promotes chemical change in the 
positive metal, but opposes it in the negative metal 

.^ Thus, when sheets of nnc and copper immersed m dilute 

trations of thic scid touch each other, the zmc oxydizes or rusts more^ and the 
principle f copper less rapidly, than without contact Iron nails, if used 

in fiutoning oopper sheathmg to vessels, rust much quicker than when in other 
situations, not m contact with the copper. The reason is, that the contact of 
the two metals excites galvanic action, which causes the hx>n to rust speedily, 
but protects the copper. 

Whet !■ gii. What is called galvanized iron, is iron cov- 
^*°*^^*'' ered entirely, or in part, with a coating of 
zinc. The galvanic action between the two oxydizes the 
zinc, but protects the iron from rust. 

Copper, when immersed in sea- water, rapidly wastes by the 
2Snp?t?prol chemical action of the oxygen dissolved in sea-water j but if 
teetthe sheath. j| y^ brought in contact with zinc, or some metal that is more 
{^•MTOiimr electro-positive than itself the nnc will undergo a rapid 
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diaoga^ and the oopfMr win be praaared. SirHampbrayBBiyaAtaaqptodto 
mp^ this principle to the protection of the oc^per sheKUung of 8^pa» by 
pliKshig «t intervals oyer the oof^Mr amall strips of zinc. The czyerinient 
was tried, and n pieoe of zinc as large as n pea was fiyond adequate to pie- 
serre iottj or fifty sqoaie inches of copper; and this whereyer it was pLaoed, 
whether at the top^ bottom, or middle of the sheet, or under whaterer form 
It was used. Xbe yalue oi the application was, howeyer, neotnilized hj a 
cooseqnenoe iHuch had not been foreseen. The protected copper bottom 
x^ridlj acquired* coating of sea-weeds and shell-fish, idiose fiictioii on the 
water became a serioas resistance to the motion of the yeasel, and it waa di» 
covered that the bitter, poisonous taste of tiie copper soiftce, when corroded* 
acted in preventmg the adhesion of living objectiL The principle, however, 
has been appfied with BaooesB to protect the iron pans used in evaporating 



CHAPTER IVII. 

THE^MO-BLBCTRICITT. 

iTbat ifl Therw 786. If two diflsiiBilar metallic bars be sol^ 
■•"•'••'*^^' dered together, and heated at the point of 
junction, an electric current will circulate through them, 
and may be carried off by connection with any good con- 
ductor. Electricity thus generated or dereloped is called 
Thermo-electricity. 

Thus^ if two bars, one of German sflver and the other of brass; as repre- 
sented in Fig. 344 (the dark one being the brass), be heated at their junction, 
Fia 344. '^ electric current will flow in the direction of tiie 

arrows firom the German silver to the brass. 

Diflferent degrees of temperature, also^ in the same 
metal, will occasion an electric eorrent to flow fiom 
the colder to the wanner portions. 

The properties of thermo-electricity 
are the same as those of ordinary electricity. 

The metals best adapted for showing its effects are 
German silver, bismuth, brass, iron, and antimony. . 

Q ^ ^ Thermo-electric batteries of considerable power may be con- 

mo-eieetric bat. stmcted bj combining together alternate |dates of German sflver 
■^cUdr ^^^ ^^ brass, or bismath and antimony, thick cards of pasteboard 
being so placed between the plates, that a contact of the 
metals is prevented, except at the ends. Such aimtteiy, lepreseoted by Fig. 
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k45, fDKf Im maie to ^torelop ^leetricltf by betting Pte. M5. 

one end of the bundle, or pile of plates. 

By binding together two ban of bisnralli and 
ntimooxi «n electilo current can be proved to oiicu- 
late with the sligfatest variation of temperature. 

Jl i^es <^ slender bars of these two metals, ar- 
ranged as a thermo-electric battery, is &r' more sen- 
sitive to heat than the most delicate thermometer; 
ao that the heat radiated from the hand brought near 
to one end of the battery is sufBdent to excite an appreciable amount of ele<^ 
tricity. 
Fig. 846 represents the constmction of such a battery. It consists of thirty* 

six delicate bars of bismuth and antimony, 
alternately connected at their extremitiea 
and packed in a cMe, the ends of which 
are removed in the figure to show the 

w^ bars. The area of such a battery is not 

Vr quite one half an inch. A represents a 

f \ conical reflector, used to concentrate rays 

of heat in experimenting. 
It haa been also found thst^when hot water mixes with eold water, tiiat 
aleeHia^ IB pfoducad ; the hot Kquor bwg positive and the oold negativab 



FiO. 346. 




CHAPTER XVril. 



ICAGNETISK. 



whatiiaaat- ^^'^^ -^ NATURAL magnet, sometimes called 
wftinfagnetf ^ loadstone, is an ore of iron, known as the 
protoxyd'of iron, or magnetic oxyd of iron, whicH is ca- 
pable of attracting other pieces of iron to itself. 

Vt 341 * Natural magnets are by no means rare ; they 

are found in many places in the United States^ 
and in Arkansas, eq>ecially, an ora of iron pos- 
sessing remarkably strong attractive powers is 
very abundant 

The mimetic ore is usually of a dark color, 

and possesses but little metallic luster. If a 

piece of this ore be dipped in iron filings^ or 

brought in contact with a number of small 

18* 
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In Fig. 347. 

When a natural magnet is brought near to, 
or in contact with a piece of soft iron or steel, 
it eommunicates its attractive properties^ and 
renden the iron a magnet In doing so^ it loses none of 
its original attractive influence. 

iHMtmara. ^^^ ^ ^^ OT steel wfaich by contact with 
•^"■••■^' natural magnets^ or by other methods, have 
acquired magnetic properties, are termed artificial magnets. 

Fbr an pntftioal pq rpOM% artiflaial Burets wo used in {weferenoe to nat- 
ttai imgBitii and can be made more powerful 

The attractive force of magnets has received 
tofS the name of Magnetic Force, and that de- 
^rMMidBM«. partment of science which treats of magnets 
and their properties is denominated Mag- 

KETISH. 

This deiignatfoii most not be oonfbanded with Animal MagnetisBV a term 
wMoh kaa been adopted to deognate a oertain infloenoe wfaich one pmeon 
maj exeroue orer another by means of the will' 

^^^ ^ ^ 788. The attractive power of the magnet is 
pouwofamac. uot diflTused Uniformly over every part of its 
surface, but resides principijly at opposite 
points or extremities of its surfiice. These points are 
termed 2K)fe«. 

Between the regions of greatest attraction, a point may 
be found where the attractive influence whoUy (Usappears. 

When n bir magnet is veUed in iron flhngi^ the fllii^ attach themaelyes 
to the magnot in the manner ropresented in Fig. 348^ and in this waj dearl/ 
indicate the location of the magnetic force. 

Fia 348. 




In a ateel mi^;net, the actnal poles, or points of greateat magnetic intemitf, 
«re not ezactlj at the endsi bat at a distance of about one tenth Of an indli 
from each extremitjr. 
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In vhat pod. 7S9. When a magnet is snpported in Bach 
M"fc2efy"2£ * ^ay as to move freely, it will rest only in 
pendedrert? Qj^g position, viz., with its poles, or extremi- 
ties directed nearly north and south. 

If drawn aside &om this position, it will continue to 
vibrate backward and forward, until it again rests in the 
same position. ' 

wi»t «• the •'■ ^® P^"^®' ^' extremity of the magnet that 
SSw JfS**"*** constantly points toward the north, is called 
net? the North Pole, and the one that points to- 

ward the south, the South Pole of the magnet. 

790. That property of a magnet which will 
S5J* %SS^ cause it, when suspended freely, to constantly 
w ^direcure tum the samc part toward the north pole, 

and the opposite part toward the south pole 
of the earth, is termed magnetic polarity, or directive 
power. 

wbfmiia When a magnet, being free to move, places 

net Bidd to tr». itsclf after deflection in a nearly north and 

south line, it is said to traverse. 

The attracttve force of the loadstone, or natural magnet, can not be condd- 
ered aa of any great amount. Native magneta, in their rude state, wiU sel- 
dom lift their own weight, and, with some nure exceptions, their power is 
limited to a few pounds. 

_^ . ^ 791. When two bodies possessing magnetic 

What la the ^. , , ^ ^ • x ? 'xi. 

geneni^uw cf properties are brought near, or m contact with 
tr!!etioiis a^ each othcr, the like poles will repel, and the 
unlike attract each other. 
Thus, the north or the south poles of two magnets re- 
pel each other ; but the north pole of the one will attract 
the south pole of the other. 

In irhai rab- '^^^' ^^^^^^V^ ^^7 ^ excitcd most read- 
staneot mar ilv iu irou oud stecL In steel the magnetic 

magnetiam be "^ , , . , , . " . 

moateaaarez^ property, when induced, remains permanent; 
but soft iron loses its power as soon as it is re- 
moved from the influence of the exciting magnet. Brass, 
nickel, and cobalt may also be rendered magnetia 
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Beoent ImreslvMknii hsre diowa tiial ttM inflaenoe of magnotiBni, which 

was ODce sappoeed to be wholly restricted to iron and its oompoonds, is al* 

most as pervading and wide-extended as that of electricity. The emeraid, 

the niby, and other predons stonesj the oxygen of the air, glass, chalk, bone, 

wood, Mid many other aabstances, are more or lum soaoeptible to magnetia 

hiflaem. This inflaeiioe^ however, is peioeptible only by the nicest tests, 

•od under peeoliar dicomstanoes. 

^ ^ « Artificial magnets of iron or steel may be of any reanired 

la vbat form , . \^ _^ j. . « , 

•n artiflebl mrm, or of almost any dmiensionai For general purpose^ 

they are Ifanited to straight ban. 

When a piece of iron not magnetic is broagbt in oontack 

. with a common magnet, it will be attracted by either 

pole ; but the most powerful attraction takes place when 

both poles can be applied to the sni&ce of the piece of 

iron at once. The magnetic bars ace for this purpose 

bent somewhat into the shape of the letter U, and are 

termed horM-shoe magnets. 

Several of these are frequently joined together with 

Ibeir similar poles in contact ; they then constitute a 

compound magnet^ and are vety powerful, either for 

lifting weights or charging other magneta 

For the purpoee of distinguishing between the two 

poles of an artifidal magnet, the end of the bar which is designated as the 

north pole is generally marked with a -f* or with the letter K. 

ifwebrwkan ^^ ^^ break a magnet across the middle, 
SS*1i!h»t"^ each fragment becomes converted into a per- 
""' feet magnet; the part whiqh originally had a 

north pole acquires a south pole at the fractured end, and 
the part which originally had a south pole, gets a north pole. 

Thus, if the bar K S, Fig. 350, be 
broken in the center, each of the fractured 
ends will exhibit a polar state, as perfect 
as the entire magnet; the fractional end « j^^ 
beooming a south and n a north pole, al- 




Feg. 350. 



though at this middle point, where n and 

s join, no magnetism could, before the breaking, have been detected. 

If we divide up a magnet to the extreme degree of mechtinical fineness 
possible^ each, particle, however small, will be a perfect msgnet 

The properties of a magnet are not at all affected by 
the presence or absence of air ; but its influence is £3 
great in a vacuum as in any other situation. 
^ Heat weakens the power of a magnet, and a white heat 
destroys it entirely^ ^ 
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Where does the 
magnetie power 
of a body re- 
side? 

How may steel 

be 

mafsneticr 



How U soft 
iron magnet- 
izedf 



Hay iron he 
rendered mag- 
netic by induc- 
tion r 



798. The magnetic power of an iron or steel 
magnet appears to reside wholly upon the sur- 
face, and to circulate about it. 

To render a bar of steel magnetic, the north 
pole of a magnet is placed on the center of a 
bar of steel and repeatedly drawn over it toward one ex- 
tremity ; the other half is subjected to a similar treat- 
ment with the south pole of the magnet ; the bar is thus 
rendered magnetic, and only loses this property when 
strongly heated. 

A bar of soft iron becomes magnetic by sim- 
ple contact with a magnet, but the effect, as 
before stated, is not permanent. 

It is not necessary that absolute contact 
Bhoul(I take place between a bar of soft iron 
and a magnet, in order to render the iron 
magnetic ; but whenever a magnet is brought near to a 
piece of iron in any shape, the latter is rendered magnetic 
by the influence of the former. To this phenomenon the 
name of induction has been given, and the distance through 
which this effect can take place is called the magnetic at- 
mosphere. 

Thus, let a bar of soft iron, B, as in Fig. 351, be 
brought near to a magnet, M, whose poles, north and 
south, are indicated bj N and S. B7 induction, the 
bar will be rendered magnetic, the end of the bar to- 
ward the north pole of the magnet constituting its 
south pole, and the other end the north polo. 

In sdl cases, where either pole of a magnet is brot^ht 
near to, or in contact with bodies capable of acquiring 
magnetism, the part which is nearest to the pole of 
the magnet acquires a polarity opposite, while the r&> 
mote extremity becomes a pole of the same kind ; hence the attraction of a 
ifiagnet for iron, is simply the attraction of one pole of a magnet fbr the oppo- 
site pole of another. 

H<nr mer tiie ^^ general effect of magnetization by induction may be 
phenomena of dearly exhibited by bringing a powerful magnet near to a 
dnSfon be ex- pi®^ ^^ ^oft iron, as a large key, when it will be found that 
hibited? the large key wfll support several smaller ones; but as soon 

as the body inducing the magnetic action is remoyed, they all drop o£ 
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c«n the Mrth Magnetism may be also induced in a l)ar of 
uidMt B«cM». iion by the action of the earth. 

Most iron bars and rails, as the vertical bars 
of windows, that have stood for a considerable time in a 
perpendicular position, will be found to be magnetic 

If WB rnupend a bar of soft iroo soiBciently long in the air, ft 
^^IS^^"^ Win giadoaUy become magnetic; and although whenit isfirat 
■Mgnttima in- suspended it points indiflferentlj in any direction, it will at 
JJ5hf *^ ** iMt P<»nt north and south. 

If a bar of iron, such as a kitchen poker, which has been 
found to be devoid of magnetism, is placed with one end on the ground, 
■ligfatlj incUned toward the north, and then struck one smart blow with a 
hammer upon the upper end it will acquire polarity, and exhibit the attractire 
and repellent properties of a magnet 

DoM mapiette Magnetic attraction can be made to exert 
u^T^STfo^ i*s influence through glass^ paper, and solid 




and liquid substances generally which are not 
capable of acquiring magnetic influence in the ordinary 
manner. 

If a horse-shoe magnet be placed under- 
Fis. 85S. Death a sheet of p8^>er ^^uch has iron 

';^fr^T^^^:v^^s,,^t^ filings sprinkled over its sorfiiee^ the fil- 
\Vi', iif'! J jjjgg^ jj^j^ ^Q approach of the magnet, 
will arrange thenusf Ives in great regularity 
in lines diverging from the poles of the 
magnet, in curves, and extending from 
the one pole to the other, as is repre- 
sented in Tig, 352. The numerous frag- 
ments of iron, being rendered magnets by 
induction, have theur unlike poles fronting 
each other, and they therefore attract one 
another, and adhere in the direction of theur polarities, forming what are tenned 
magnetic curves. 

If a plate of iron is caused to intervene between the magnet and the under 
surface of the paper, the magnetic influence is almost entirely cut off. 

Do amiefai 794. Magnets, if left to themselves, gradiH 
SeST'JroiS!! *Uyj ^^^ i^ * space of time varyiqg with the 
^^^ hardness of the metal composing them, lose 

their magnetic properties, from the recombination of their 
separate fluids. 
This is prevented by keeping their poles united by 
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What li aa ^6^™ of a soft iiDii bar called an Armature, 
-^™*^' represented at A, Fig. 349. 

This becoming magnetic by induction, reacts upon the 
magnetism in the pedes of the magnetic bar, and tends to 
increase rather than diminish their intensity. 
What ii th« ^be lifting or sustaining power of magnets 
gJTJjJSS varies very materially. The most powerful 
that we are acquainted with are capable of 
sustaining twenty-six times their own weight. 
How does the ^hc law of magnetic attraction and repul- 
»Jtt!«miS£ sion is the same as that of gravitation ; that 
M^^repuuion jg^ thcsc forccs increasc in the same proportion 
as the square of the distance from the center 
of attraction or repulsion diminishes. 

Aceordlrr to ^^^* "^^ various phenomena of magnetism have been ac- 
what theory are counted for bj supposing that an bodies susceptible of magnet- 
nomena^ ^ac^ ^""^ ""^ pervaded by a sabtie imponderable fluid, which is com- 
eoonted for? pound in its nature, and consists of two elements, one called 
the aostral, or southern magnetism, and the other the b(»^ 
or northern magnetism. Each of these^ like positive and negative electrici* 
ties^ repel their own kind, and attract the opposite kind. 

When a body pervaded bj the compound fluid is in its natural state and 
not magnetic, tiie two fluids are in combination and neutralize each other. 
Wlien a body is magnetic^ the fluid which pervades it is decomposed, the austral 
fluid bdng directed to one extremity of the body, and the boreal to the other. 

Iron and steel are eaafly rendered magnetic, because the fluids which per- 
vade them can be easily decomposed by the action of other magnets. In 
iron, ttie separation of the two kinds of magnetism may be easily, but only 
transitorily effected. The magnet, therefore, attracts it powerfully, convert- 
ing it, however, into only a temporary magnet In steel, the two kinds of 
magnetism are not so easily separated ; hence the latter is but slightly at- 
tracted by the most powerful magnets. When once effected, however, the 
aepamtbn is permanent, and the steel becomes a perfect magnet 

As^ according to this theory, the act of rendering a body magnetic consists 
limply in decomposing a fluid pervading it, we can easily understand how, 
by means of one artificial magnet, an infinite number of other magnets may 
be made, without the former losing any of its magnetic pn^rties. 

What la a 7*6- Thc Magnetic Needle (Fig. 353) is 

Jjjf"**** ^•^ simply a bar of steel, which is a magnet, bal- 
anced upon a pivot in such a way that it can 
turn freely in a horizontal dixection. 
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Jul 8M. finoh « needle, when properijr-Wlaneed, win I9 

obeenred to vibnte more or lera, nntfl H eettke in 
•uch a directioa that one of iti extremitiei^ or 
poles, pcnnU toward the nortii, and the odier to- 
ward the eoath. If ttie podtioa of the Madia ha 
altered or rereiaed, it will always torn and Tflirate 
again mitn its poles have attained the same dkeo- 
tbn as before. 

It is this remarkable property of a TMignftiTiTfl 
steel bar, of always assoming a definite direction^ 

that renders the compaw of socfa Talae to the mariner, the engineei^ and the 

traveler. • 

What la a ^^^ ordiDaTj compass consists of a mag* 
coapMtt jjg^jg needle, or bar balanced upon a pivot, and 
inclosed within a shallow box, or metallic case. Upon 
the bottom of the box is a circular card with the chief, or 
cardintd points of the horizon, north^ south, east, west, 
marked upon it 

Fig. 354 represents the form and construction of the ordinary, or land oom- 
pasa The term compass is deriTed from the card, which compoaaea^ or «%- 
vo1m% as it were^ the whole plane of the horizon. 

FiQ.35i. 



What tfl tiM In the Sea, or Mariner's Compass, the needle is attacfaad ta 
construction of the under side of the card, in such a way that both travene 
li2riiS^;c<^- together— the needle itself bwng oat of sight , Upon the 
ptMt ' sorftce of the card is engraved a Tadiatmg diagram, dividing 

the whole drde of the horizon into tfairtytwo parts, called 
poiDtsL The compass-box is supported by means of two concentric hoc^ 
caUed gvmbaia. These are so placed as to cross each other, and support Uie 
box immediately in the oenter of the two; so that whichever way the tssbcI 
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may toU or Icndi, tbe card is al* 
ways in a horiisontal position, 
and is oertain to point the trae 
direction of tbe head of fche ship. 
Fig. 355 represents the oonstrao> 
tion and mounting of the Sea 
Compass. 

What is» Dip- 797, If a 
vingMe«<u«f gimple bar 

of unmagnetized steely 
Or an ordinary needle 
be suspended from a 
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center, instead of being balanced upon a pivot beneath 

it, it will hang horizontally, and manifest no inclination 

to dip from a horizontal line, either 

on one side or the other of the cen* 

ter of suspension. But if the bar, 

or needle, be made a magnet, it 

will no longer lie in a horizontal 

direction, but one pole will incline 

downward and the other upward ; 

the inclination in this latitude to 

the horizon being about 70^ 

Such arrangement is called a 
Dipping Needle. 

Fig; 356. represents the construction and 
appearance of the dipping needle. 
Doe-tben-ir. 798. Although the 
JSSSdafSSSh magnetic needle is said 
•nd .outh. iq point north and south, accurate observations 
have shown that it does not point exactly north and south 
except in a few restricted positions upon tbe earth's surface. 
What to a« 799. The direction assumed by a horizontal 

niftgnwie mend* , , y ■ 

laof needle m any given place upon the earth's 

surface, is called the magnetic meridian. 

What Is a ter. "^ terrestrial meridian, it will be remembered, is a great dr- 
restiiai merid* ele, supposed to be drawn around the earth, passing through 
*^' both poles, aud any given place upon its stu&oe, and inter- 

■ectiDg the equator at right angles. (See § 68, Fig. 6, page 36.) The direction 
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cTn OMdfe wUah would pgi&t d«d north and aovtli at my plao% win be 
tho trti% or fm l ri al nwriiti a n of thrt pkoa 

wbai ii the ^h® deviation of the needle from the true 
2S;!IS>?^ north and aouth, or the angle formed bj the 
ik«BMdter magnetic meridian and the terrestrial merid- 
uuii is called the variation, or declination of the needle, 
wha m tilt There are two lines upon the earth's sur- 
wa m ^jw^ym' faoc, along whlch the needle does not vuy, bufe 
points to the tme north and south. These 
lines are called the eastern and western lines of no varia- 
tion, and are exceedingly irregular and chai^eable. 

T)i€ir positioii is m foUowi:— The western lioe of no variatioii begins i& 
latitade 60^, to the west of Hudson's Bay, passes in a sooth direction through 
the American lakes^ to the West Indies and the extreme eastern point of 
South America^ The eastern line of no yariation begins on the north in the 
White Sea» makes a great semicironlar sweep easteriy, nntil it reaches the 
latitude of 71^ ; it then passes along the Sea of Japan, and goes westward 
•oroas China and Hindooftan to Bombay; it then bends east, touches Australii^ 
and goes south. 

In proceeding in either direction, east or west from the lines of no Tsria- 
tioo, the dedinatioa of the needle gradually increases, and becomes a max- 
imum at a oertain mtermediate point between them. On the west of the 
eastern line the dedination is west; on the east it is east. 

At Boston, in the United States, the declination of the needle is cbout 5^^ 
west; inEn^anditisabout24^we8t; in Greenland, 60o west; atStPeters- 
bufg, 6^ westb 

H la Ik* dL ^^^* "^ ^^ directire property of the magnetic needle is 
reetiTe power observed everywhere in all parts of the world, on all seas, on 
2p^2JJJ^*j the loftiest summits of mountains, and in the deepest mmes, 
it is erident that there must be a msfmetic force whidi acts 
at an points of the earth's surface, since magnetic needles can no more take 
up a direction of themselves than a body can acquire motion of itselt To 
•zplam these phenomeiMS the earth itself is conridered to be a great magnet^ 
and the points toward which the magnetic needle constantly turns are called 
the magnetic poles of the earth. These poles, by reason of their attractive 
influence^ give to the needle its directive power. 

Wb are tb ^® ^^ ^^ ^ **^® ^'®** terrestrial magnet which a» 
magneile poles rituated m the vicinity of the poles of the earOi's axis, are 
dtnated f termed respectively the magnetic north pole and the magnetic 

south pole. These contrary poles attract each other, and thus a magnetic 
needle win turn its south pole to the north, and Its north pole to the south. 
Hence, what we generaUy call the north pole of a needle is in reali^ its 
south pole, and its south pole is its north pola 

The exact position of the northern magnetic pde is about 190 ihna the north 
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|>ole of tile earth, in the dkeotioti ofHudaon's Bajr. It was rialted 1^ Sir J. 
R088 in 1832, in his Toyage of Aictie diaoovery. The sooth magnetic pole is 
sitoated in the antarctic continent^ and has been approached within 170 miles. 

If the OTdinarr compase be carried to either 
needia hm cw- of the magiietio poles^ it will lose its power 
netic potoi^t and point indiflferently in any direction. If it 
^""^ is carried beyond the magnetic pole, to any 
point between it and the tme pole, the poles of the needle 
become reversed, the end called the north pole pointing to 
the south, and the south to the north. 

^^ The position assumed by the dipping needle varies in diP 

podUon of the ferent latitudes. If it were carried directly to the north mag- 
dipplng needle j^^^ pQ^ jtg gQut^ ^qIq would be attracted downward, and 
^"^ the needle would stand perfectly upright At the south mag^ 

netic pole, its position would be exactly reversed.* If the dipping needle bo 
taken to the equator of the earth, or to a point midway between the north 
and south magnetic poleS| it will be attracted equally by both, and will re- 
main perfectly horizontal, or cease to dip at 
all : as we go north or south, however, it dips 
more and more, until at the magnetic poleS) 
as before stated, it becomes perpendioulap— 
the end which was uppermost at the north 
being the lowest at the south.f 
, Fig. 36*7 represents the position assumed 
=1] by the magnetic needle in various latitudes. 
The magnetic poles of the earth are not 
stationary, but change their position grad- 
ually during long intervals of time. 

Observations on the temperature of the 
earth have afforded some reason for believ- 

• Like the deellnatloii end dip, the Intenritj of the eerth'e magnetism Tariee 
Terr ninch in dUferent parte of tbe earth ; at the magnetic equator being the nioet feeble, 
and gradnaUy increasing as we approaeh the poles. Theintensity of terrestrial magnetism 
in different plaees may be measured by the number of Tihrattoos made by a magnetie 
needle in a given time. 

t As the directire tendency of the horisontal needle «'»^''rJ*!r^.!'**^***m**!J 
bT thL of the earth, it is evident from the rotundity of the earth, that its poles wUl not 
5r i^^?;*ose'of the earth horisontaUy, but downward, so that tbe nee«e can no^ 
tend to be horLmtal, except when it is acted upon by both poles equany-that is, when 
SS^ytt^^tll. mennearerthenorthmagnetlcpole ih«i «»« ~«t^J^*^-^ 
end must beattraeted downward, and the ~»*'«T^»»«« " *• "TT*,^ "?^ ?^^^ 
Accordfaigly, a needle which was aecurately baUnced on it. support b^~ *»«*°« "^f 
ne^?wlU no longer haUnee itself when magnetised, but in this «>««fT if "or^Ie 
wffl^wUr to dip, wappear to be the heavierend. This circumstance has to be corrected 
fash3^™. by V^aU Sliding weight attached U> the southern Wf, wh ch we^ht 
hirtoLTe^;!^ on'approaching the equator, a^^ 
When in the nortben hami^hen. 
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log; that fhepointi tipoii the eartli't suifiiee niben ttie greatest d^ne ttcM 
Is experienced, or where the yeaiij mean of the thennometer is loweH^ 
ooinddea with the locatloB of ttie magnetie polea. 

wbai te om S®^* Beside tbe variation froin the trae 
^^*^ north and sonth, the mi^netic needle is sub- 
' ject to a diurnal variation. This movement, 

or variation, commences about seven in the morning, when 
the north end of the needle begins to deviate toward the 
west ; it reaches itis maximum deviation about two o'clock 
in the afternoon, when it begins to return slowlj to its 
original position. 

The magnetic needle is sabject also to an annual moTement^ land a moye- 
ment different in the winter months firom that noticed in the sommer montba 

What te the ^he daily, monthly, and yearly variations 
5JJJJJJj35Si of the needle are supposed to be oocasioiied by 
JJ™^, ^ variations in the temperature of the earth's 
surface, depending upon the changes in the 
position and action of the sun. 

Obeervatbna made Ibr a great nnmher of jears seem to show tiiat the en- 
tire magnetic condition of the earth ia subject to a periodical change, but 
neither the canae or the laws of this dumge are aa yet understood. 

For most practical operations, as in navigation and sur- 
veying, the deviation of the magnetic needle from the true 
north and south, is carefully taken into account, and a rule 
of corrections applied. A knowledge of the amount of vari- 
ation, east or west, for different localities upon the earth's 
surface, may be obtained from tables accuratel} arranged 
for this purpose. 

The rariation <^the magnetic needle fix>m iiaf true north and south, is said 
Ic have been first noticed by €k)lumbus in his iist royage of discovery. It 
wasalao observed by his sailors, who were alarmed at the &c^ and urged it 
as a reason why he should turn back. 

whenwrns the ^^^ compass 18 claimed to have been dis- 
2SKdf *^ covered by the Chinese : it wae, howeverj 
known in Europe, and used in the Mediterra- 
nean, in the thirteenth century. The compasses of that 
time were merely pieces of loadstone fixed to a cork, which 
floated on the surface of water. 

802. The resemblance between magnetism and eloetrlcity is very striking^ 
and there are good reasons for believing that both are but modifications of 
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boe-lbroeb Both 9x0 mqapofled to oonaist of two fluids^ Which repel their own 
kind, and attract the opposite. The fluid in both caaes is supposed to reside 
upon the surfiice of bodies; the laws of induction in both are the same ; and 
each can be made to excite or develop the other. 



CHAPTER IIX. 



BLEGTBC MAGNETISM. 

wikat is Eiee. 803. Magnetism developed throngh the 
iro-maciMtiamr agency of electrical or chemical action, is 
termed Electro-magnetism. 

Among the esiliost phenomena observed which indicated a connection be- 
tween magpetism and electridty, it was noticed that ships' compasses have 
their directive power impaired hj lightning, and that sewing needles are ren- 
.iered magnetic hy electric discharges passed through them. 
What e&et ia ^ ^®^^' * discoverjr was made by Professor Oersted of 
pTodueed irhea Denmark, which established beyond a doubt the connection 
diTHTbroo^ ^ electricity and magnetism. He ascertained that a mag* 
vear a Modact. netic needle brought near to a wire, through which an electric 
' * oorrent was circulating^ was compelled to change its natural 

direotbn, and that the new directi<m it assumed was determined by its position in 
relation to the wire and to the direction of the current transmitted along the wire, 
i Further experiments developed the following law: — 

In what direo- Elcctric cmTcnts cxcrt a magnetic influence 

cuienJ'tSS at right angles with the direction of their flow, 

theirinfliunoer ^^^j whcn thcj act upon a magnetic needle 

Fia 358. they tend to cause the needle 

B ^ ■' "^ -A to assume a position at right 

angles to the direction of the 
current. 

Thus, suppose an electric current to 
pass on the wire A B, Fig. 358, in the 
direction of the arrow ; suppose a mag- 
netic needle, IC S, to be placed directly 
under the wire and parallel to it By 
the action of the electric current flowing 
in the direction A B, the needle is caused 
to move from its north and south posi« 
tion and turn round, and if the current 
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li ■ottdanttr •>«"«. ft wffl pbee ilMlf M lii^t •■#« witfa tte win, m k 
fepmeoted in tbm flgon. 

If «Im cwvent^ h9W0f«, had ptiwd in th* same diiection below the needle^ 
initowl of mboTe it m in the flrat iMteaoo^ the deflaotion ok the needle would 
here taken place aa before^ but in an opposite direction, the pole S standing 
where the pole N did pieyioiialj, and N also in the place of & 

In like manner, if the needle be placed bjr the side of the wire, nllkeeffiBet 

wlli beprodnoed; on one aide it dipa down, and on the other it rises op; and 

in whatever other poflitk>n the needle majr be 

^^' ^^ placed, it wiU always tend to set itself at right 

^■^ ^ angles to the coirent If the wire be bent in 

I i€-^g= £ » I theform of arectangle, as is represented in Fig. 

S69, so as lo csny the current around the 

needle, abore and bek>w it hi opposHe direo 

tions, the oiq;>oaite currents, instead of nen- 

traliziog, will assist each other, and the needle 

win more in aooordanoe with the first direction (tf the cuirent 

If the wire, instead of maldng a smg^ torn, is bent m$nf times aranndthe 
needle^ the magnetic fiNce exdted hy the current of electridtf traversing the 
wire, will be greatly increased, the increase-being, wiiUn cscrtain Unuta^ pro* 
portbnal to the number of tmns of the wire. 

It is upon this principle tiiat an mstmraent called the Gal* 
Tsnometer, tor measuring the qtiantity of an electric cnrrent, 
ii constnieted. It consists of a rectangular coil of copper 
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Fig. 360. 
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wve, N B S, Fig. 360, contaming about 20 
convolutions, the separate coQs being insulat- 
ed by winding the wire with siHc thread. A 
magnetic needle, supported on a pivot^ is 
placed in the center of the oofl, and a gradu- 
ated circle is fixed below it to measure the 

amount of the deflection ; the two ends of the wire connect with two cups, 

C and Z, which contain mercury, and into which the poles of the batUa7 

transmitting the cutrent dip. 

In this form of the instrument 

^^N^duT the transmitted current isobliged 
to contend with the influence of 

the earth's magnetism, which tends to hold the 

needle in its original position, and unless the 

Ibrmer is more powerful than the latter, the 

needle is not moved. This difficulty has been 

overcome by means of an arrangement called 

the AstaHc yeedle. This consists essentially of 

two needles festened together, one above the 

other, but with their poles in opposite direo* 

Cons, as is represented in Fig. 361. In this 

way the hifluence of the earth is ahnost entirely 

amoved, and the font of the traniraittsd eoxrent is rendsred more aflMlTaL 
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In what 
ner does an 
electric enrrent 
exert ita megi- 
netiolbroet 



^7 metiis of the gahrmometer, the mort feeble traoes of electricity cm be 
detected; aod electric currents which would &il to mfluence the most sensi- 
tive gold leaf electrometer can be made to affect perceptibljr the magnetic 
QalTanometers are sometimes called electro-multipliers. 

804. Electricity, unlike all other motive 
forces in nature, exerts its magnetic force lat- 
erally ; all other forces exerted between two 
points act in. the direction of a straight line 
connecting their points, but the electric current exerts its 
magnetic influence at right angles to the direction of its 
course. 

When a magnetic pole is influenced by an electric cur- 
rent, it does not move either directly toward or directly 
from the conducting wire, ]bnt it tends to revolve about it 

By the application of these teucts, it has been discovered that rotatory move* 
ments can be produced by magnets around conducting wires, and conversely, 
that oonductmg wires can be nwde to rotate around magnets. 

The rotation of the pole of a magnet around a fixed conducting 
Fia. 362. ^^^ jj^j Yie shown by a piece of apparatus represented by Fig. 
362. A small magnet^ N, is fixed to the lower part of a vessel, 
y, by means of a silk thread ; the vessel is filled with mercury 
neai^ to the top of the magnet; G is a conducting wire dipping into 
the mercury, and Z is another conductor conununicating with the 
mercuiy at the bottom of the veaseL Now, when the electric 
current is established, by connecting the extremities of the wires 
G and Z with the opposite poles of the battexy, the pole N of the 
V magnet revolves round the conducting wire G. If the current is 
descending, that is, if G be connected with the positive pole of 
the battery, and if N be a north pole, its motion round the wire will be di* 
rect^ that is, in the direction of the hands of a watch; and 
80 on, vice versd, 

Jl different arrangement, by which a movable wire trft- 
yersed by a current, may be made to revolve around the 
pole of a fixed magnet, is represented by Fig. 363. A wire^ 
A B, is suspended fi^pm the wire G by a loop, and dips into 
the mereury in a vessel, Y ; when the circuit is established, 
by connecting G and N with the respective poles of the 
battery, the conducting wire revolves around the pole K 
of the magnet 

If the current be descending, and N be the north pde of 
the magnet, the rotation will be direct 

On similar principles, various kinds of redprooating and rotatoiy mofimealp 
may be prodooed* 
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la vfent MS- 805. If A piece of soft inm, entirely wanting 
SSarfe^Lnmt in magnetisniy be placed within a coil of wire 
T?tn**mtcn!?' thiough which an electric current is circnlat. 
'^^ ingy it will be rendered intensely magnetic, so 

long as the current continues ; but the moment the cur- 
rent ceases, the iron loses its magnetism. 

Magnets formed in this way, through the 
agency of electricity, are called Electro-mag- 
""' nets, and are more powerful than any others. 

Wbrt to a The coil, or spiral line of. wire used for excit- 
ing magnetism in the iron by conducting a 
current of electricity about it, is galled a Helix. 

Fie. 364. ^^ ^ usoallj made of copper wire, ooated with 

o o Bome non-coadocting substance, soch as dlk wuuud 

■■■■|MHM roand it The ooOa of the wire are generally re- 

VHi^^VH^P peated one over the other, until the size of the Lelix 

II is suffident, since the magnetic action of an electric 

11^ current upon a bar of iron increases to a certain ex- 

^^^ tent with the number of revolutions it performs aDouft 

it Fig. 3C4 represents the appearance of a helix. 

It is necessary for the induction of magnetism in Lron 
ban by electricity, that the current should flow at right 
angles to the axis of the bars. 

What deter. ^^ *b® ^^ ^ stccl, the magnctism thus in- 
S"2* aKJSJ duced will be permanent ; and the direction in 
n^^*' which the current moves round the helix de- 

termines which of its extremities shall constitute its north, 
and which its South pole. 

When the current circulates in the direction of the hands Fia. 365. 
of a watdi, the north pole of the bar will be at the farthest 
end of the helix. 

If a bar of soft iron, bent in the form of a horse shoe mag- 
net, be wound with insulated wire, as is represented in Fig. 
365, and a current of electridtjr transmitted through it| it 
becomes a most powerful magnet 

Electro-magnets of this character have been finrned capa- 
ble of supporting more than a ton weight The magnetie 
power thus developed is wholly dependent upon the ex- 
.istence of the current, and the moment it ceases the we^hta 
&11 awaj hy the action of gravity. 
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Vi0. 364. ^ ^^^^ iemidicular rings of loft iron be pMsed within * 

helical ring^ m is represented in Fig. 366, they will become so 
stiongljr magnetic on passing the current of even a small 
battery, as to be separated with extreme difficulty. A rod 
of iron iMxraght near to one of the extremities of a longitudinal 
helix, is not only attracted but lifted up mto the center of the 
coil, where it remains su^nded without oontact or yisiblQ 
support^ so long as the current continues in action. If tha 
battery and helix be of sufficient size, a considerable weight 
may be suspended. In some experiments at the Smithsonian 
Institution at Washington, a few years since, a bar of iron 
weighing 80 pounds was raised and suspended in the air with* 
oat being in oontact with any body. 

806. Many attempts have been made to 
magnetic force take advantage of the enormous force gener- 
to mj^vfo. ated and destroyed, in an instant, by making 
for prof^ic or breaking an electric current, for propelling 
i«.^wn«.yt machinery, but thus far all efforts have failed 
to produce any practical resulta 

One of the reasons why this power can not be used to adTantage is, that 
fbe rate at which the power diminishes as we recede from the contact point 
of the magnets, prevents our obtaining the full force of tbe magnets. Thus, 
a magnet whose force in oontact would be sufficient to raise. 250 pounds, 
would exert a force of only 90 pounds at the distance of l-260th of an inch, 
and of only 40 pounds at the distance of l-50th of an inch. It is also found 
that notwithstanding the loss of power with distance, a still greater loss takes 
place with motion. The moment any magnetic body is moved in front of 
either a permanent or an electro-magnet, it loses power, and this loss mcreases 
very rapidly with the increase of velocity. This obstacle stopped the prog- 
ress of the very extensive researches of Professor Jaoobi, after he had ex- 
pended upward of $120,000 granted him for his experiments by the liber- 
ality of the Russian government 

Upon what ^^^' ^^® constructiou of the Morse magi 
sbS?c£Softh« i^®^i<5 telegraph depends upon the principle, 
^^^T de^df *^* * current of electricity circulating about 
a bar of soft iron temporarily renders it a 
magnet. 

The construction and method of operating the Morse telegraph may be 
clearly understood by reference to Fig. 367. F and E are pieces 6[ soft iron 
surrounded by coils of wire, which are connected at a and b with wires pro- 
ceeding from a galvanic battery. When a current is transmitted from a bat- 
tery located one^ two^ or three hundred miles distant as the case may be^ it 

Id 
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I along the wires^ and through the cofls* sniroanding tho pieces of toft 
iron, F and E, thereby ooxxrerting them into magnets. Above these pieces 
of soft iron is a metallic bar, or lever, A, supported in its center, and having 
at one end the arm, D, and at the other a small steel point, <k A ribbon of 
paper, p h, rolled on the cylinder, B, is dxawn slowly and steadfly off by a 
train of clock-work, E, moved by the action of the weight, P,, on the cord, C. 
This clock-work gives motion to two metal rollers, G and H, between which 
the ribbon of paper passes, and which, turning in opposite directions, draw 
the paper from the cylinder B. The roller H has a groove around its circum- 
ference (not represented in the engraving), above which the paper passes. 
The steel point o of the lever A is also directly opposite this groove. The 
ipring, r, prevents the point fixxn resting upon the paper whea the telegraph 
is not in operation. 




The manner in which intelligence fa commtmicated by tiiese arrangements 
IB as follows : The pieces of soft iron, F and E, hmng rendered magnetic by 
the passage of a current of electricity transmitted from the battery through the 
coils of wire surrounding them, attract the metal arm D of the lever A. The 
end of the lever at D being depressed, the steel point o at the other extremity 
is elevated and caused to press against the paper ribbon and indent it When 
the current from the battery is broken or interrupted, the pieces of soft iron 
F and E being no longer magnetic, cease to attract the arm D. The lever 
A is therefore drawn back to its former posftion by the action of the spring r, 
and the steel point o ceases to indent the paper. By letting the current flow 

• These coils consist of very fine copper wire, some thousands of feet being gener- 
ally contained in them. In this way a magnet of tmall sise and great powar may be 
.obtained. o- r- 



0- 





ELECTBO-MAQNETISK. 



435 



round the magnet for a longer or shorter time a dot, or a line is made^ and 
the telegraphic alphabet consists of a series of such marks.* 

Grove's battery (see Fig. 340) is generalljr used for working the telegraphy 
about thirty cups being required for a distance of 160 miles. These cups 
may be kept in one compact space, but operate the telegraph more suooess- 
fully when distributed along the line. Such batteries will work for about two 
weeks without replenishing. 

H tr mmn Formerly two wires were required in telegraphing; one 

wireg are nee- conveyed the current from the battery to the electro-magnet; 
woSuK ^ ^'^ distance, through which it passed, and then returned by 
tdiegimphr another wire back to the battery. At present but one wire is 

generally used. It was found that the earth itself might be 
made to perform the ftmcUon of the retummg wire. To effect this all^ that is 
necessary is that one short wire from the battery at one end of a line, and 
from the electro-magnet at the other end, should be sunk into th? moist 

earth, and there connected with a 
^' mass of conducting metal, from 

which the electricity passes to 
complete the dosed eiMuit 

For interrupting the 
cnirent and regulating 
the system of dots and 
lines, an instrument call- 
ed the Signal-key, or, 
Break-piece, Fig. 868, 
is employed. This is 
placed near the battery, so as to be in the galvanic cir- 
cuit. The operator, by pressing down the knob with the 
finger, closes the circuit and allows the current to pass, but 
when the pressure is removed communication is interrupted 

* The fonowing table esEhlHtB the ilgiii emploTed to repreient letters in the Meiw 
■yatem of tdegrsphing: 

ALPHABET. n 

a o 

* P 

q 

r- -- 

• 

( 

«-- — 




«-- - 
d ,- 

i — 
» — — 



y 

z 



NT7MERAL8: 



Experienced openton are often eUe to nndentead the moMage merely from tko ■ooadi, 
orcUdc^oftbeleTer. 
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^Huit to tk« 808. In what is known as the ^' Bain/' or 
^a^'omSf^ chemical telegraph, there is no magnet created, 
••'•«'^' but a small steel wire, connected with the 
wire from the line, presses upon a roll of paper, moved 
by clock-work. This paper, before being coiled on the 
loUer, has been dipped in a nearly colorless chemical solu- 
tion, which becomes colored when an electric current passes 
through it. By sending a current through the wire rest- 
ing on the paper, we can stain it, as it were, in dots and 
lines in the same manner as the last instrument em* 
bossed it in dots and lines. 

809. The House's, or printing telegraph, 
iirirtiag Id*, differs from the others principally in an ar- 
^^*^ langement whereby the message as transmitted 

is printed in ordinary letters, at the rate of two or three 
hundred a minute. 

WW vM tiM 810. The method first proposed for com- 
S3aSi*"pI2! municating intelligence by electricity was by 
^"'^^ deflecting a compass needle by causing a cur« 

rent to pass along its length. 

TboB, if al a giren point we plaoe a gahranio battery, and at a hundred 
miles torn it there is fixed a compass needle, between a wire brought from, 
and another returning to the battery, the needle will remain true to its polar 
direction so long as the wires are free from the excited batteiy; but the mo- 
ment connection is made, the needle is thrown at right angles to the direc- 
tion of the CQirent The motion of the needle may thus be made to oonyey 
intelligence. 

It is necessary, in conveying the wires from point to pomt, to 8U|s>ort them 
on the poles by g^ass or earthen cylinders, in order to insure insulation, 
otherwise the electricity would pass down a damp pole to the earth, and be 
lost 

Hom nrin. ^^^' Tho idea that mftuy persous havc, that somo Bubstanoe 
dpie ^inflo^ passes along the telegraphic wires when intelligence is trans- 
th^^ri^"*^?"' mitted, is wholly erroneous; the word current, as something 
a meange it flowing, expresses a fidse idea^ but we have no other tenn to 
oommanicatedr gxpregs electrical progression. We may, however, gain some 
idea of what really takes place, and of the nature of the influence transmitted, 
by remembering that the earth and all substances are reservoirs of electricity; 
and if we disturb this electricity at any given point, as at Washington, itspul^ 
tions may be felt at New York. Suppose the telegraphic wire a tube extend- 
ing from WashingtoQ to New York perfectly filled with water; now, if GOfi 
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drop more is forced into the tube at Washington, a drop must &n otxt at 
Kew York, but no drop is caused to pass from Washington to New York. 
Something like this occurs in the transmission of electricitj. 

candectricit ^^^' ^l^^^^^city, through an electro-mag^ 
bo raade to nctic arrangement, can be made available for 
the measurement of time^ and by its agency q 
great number of clocks can be kept in a state of uniform 
correctness. 

The plan bj whidi this is accomplished is substantially as follows: — ^A bat* 
teiy being connected with a principal cloclc, which is itself connected by 
means of wires with any number of clocks arranged at a distance from each 
other, has the current regularly and continually broken by the beating of the 
pendulum. This interruption is also experienced by all the clocks included 
in the circuit; and in accordance with this breaking and making of contact, 
the indicators or hands of the clock move over the dial at a constantly imifbim 
rate. 

813. The fundamental law of action in fiictional electricity 
action o? ei^ ^ *^* bodies charged with like electricities at rest repd, and 
trical currenta with unlike, attract each other. With electricity in motion 
o^e^r ^ ^® <^^"^ ^ somewhat different, since currents of the same 
electricity moving in the same direction attract each other. 
The general law of this action may be stated as follows : 

What is the ^^ electric currents flow in wires parallel to 
Ste^Sti^T ^ ®^^^ other, and have freedom of motion, the 
wires are immediately disturbed. If the cur- 
rents are moving in the same direction, the wires attract 
each other; if they are moving in opposite directions, 
they repel each other : or, like currents attract, and un- 
like repeL 

Howmayaho- 814. Whcu the wircs connecting the positive 
Id hSoTJSt^ and negative poles of a galvanic battery in ac- 
netic needle? ^[^^ ^ro coilcd iu the foHB of a hclix, the helix 
becomes possessed of magnetic properties. If such a 
helix be suspended in a horizontal plane, it points, as a 
magnetic needle would, north and south ; if it is sus- 
pended so as to move in a vertical plane, it acts as a dip- 
ping needle. 

If two helices carrying currents are presented to each other, they attract 
and repel, precisely as if they were magnets, according as like or unlike poles 
are brought together. And, in short, all the properties of the magnetic needle 
may be imitated by a helix carrymg a current 
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816. From these, and other like phenomena^ If. Ampere 
has propounded a theory which aoooonts for neaiij all the 
phenomena of terrestrial magnetism. 
He supposes that all magnetic phenomena are the result of the circulation 
of electrical currents. Every molecule of a magnet is considered to be sur- 
rounded with an atmosphere of electricity, which is constantly circulating 
around it, the difference between a magnet and a mere bar of iron being, that 
the electricity which exists equally in the iron, is at rest, whereas in the ma^ 
net it is in motion. The direction of these currents circulating in a magnet 
is dependent upon the position in which the magnet is hdd. If the opposite 
or unlike poles of two magnets be placed end to end, the electric currents of 
each will be found running the same way, and as currents moving in the same 
directkm attract each other, the two poles will tend to come together. On 
the contrary, if the ends of like poles be presented, the course of the currents 
trayersing each will be in opposite directions, and a repulsion will result 

A magDetic needle tends to arrange itself 
at right angles with a wire transmitting an 
electric current, in order to bring the numer- 
ous currents circulating around its particles 
parallel with that of the wire. 

The magnetism of the earth is also explained by this theory 
nMgnetinn of on the Same principles. If we take a metal ring and warm 
S^ii2^ Sim ^* ^^ ^°® P^"^* ^^y ^y^ * spirit-lamp, no electrical effect en- 
S«^r sues ; but if the lamp is mored an electric current runs round 

the ring in the direction the lamp has taken. In a like manr 
ner, currents of electricity are known to be excited and kept in motion around 
the earth, by the sun, which heats in turn successive portions of its sur£EK!e. 
They flow round it from east to west in a direction at right angles with a line 
joining the magnetic poles. A magnetic needle, therefore, points north and 
south, because that position is the one in which the electric currents in it are 



Wbj doM a 
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Fig. 369. 




parallel to those of the earth, and 
this is the position, as has just 
been explained, that electric cur- 
rents tend always to assume. 

Fig. 369^ represents an artificial 
globe, surrounded by a coil of in- 
sulated wire, surmounted by a 
magnetic needle. The needle will 
always pdnt to the north pole of 
the globe, on transmittmg the bat- 
tery current 

The dip of the needle may be 
also readily accounted for in the 
same manner. At the polar re- 
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gions it dips yertically down in order that its currents may be parallel with 
those of the earth ; for in those regions the sun performs his daily motion in 
circles parallel to the horizon. At the equator, the course of the sun is 
nearly at righf angles to the horizon, and tiie needle maintains a horizontal 
positioD. 

What is Mi«. 816. As an electric current passing round 
neto-eiectridty? ^j^^ extcrior of a bar of soft iron induces mag- 
netism in it, so on the contrary, a magnetized bar is able 
to generate an electric current in a conducting wire sur- 
rounding it 

Electricity thus produced by the agency of a magnet is 
called Magneto-electricity. 

This may be shown by introducing one of the 
poles of a powerful bar magnet within a helizof 
fine insulated wire (see Fig. 370), the ends of 
which are connected with a delicate galvan- 
ometer. The deflection of the needle will indi- 
cate the flow of an electric current every time the 
magnet enters or leaves the coil — ^the direction 
of the current changing with the poles entered. 
The same results will be obtained, if instead 
of introducing and removing a permanent steel 
magnet, we continually change the polarity of a 
soft iron bar. Thus, ia Fig. 37 1, let a A be a bar 
of soft iron surrounding a helix, and N E S a 
horse-shoe magnet fio arranged that it can revolve 
freely on a prvot at c, the poles in their revolution just passing by the termina- 
tions of the bar a 6. On causing the magnet to re- 
volve, the polarity of the bar a 6 wUl be reversed 
with every half revolution the magnet makes, and 
this reversal of polarity wiU generate electric cur- 
rents in the wire. 

To instruments constructed on 
these principles the name of mag- 
neto-electric machines is given. 
can<meei«. 817. Wheucver au 
SSe'S^erT ekctric currcut flows 

througha wire it excites another current m an 
opposite direction, in a second wire held near to and 
parallel with it. Its duration, however, is only momentary. 
On stopping tbe primary current, induction again takes 
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place in the secondary wire ; bat the cmrent now arimng 
has the same direction as the primary one. 

The pasBage of an electrical corrent^ ther^(^ derelopB either currents iu 
its neighborhood, which flow in the opposite direction as the primary one 
flxst acts^ bat in the same direction as it oeases. Whenever a magnet^ also, 
k moved in ths nei|^boriiood of * eooducting wire^ these cnirents are also 
induoed. 

818. ICagneto-electrio machinei^ arranged for developii^ 
electridtj hy the reaction of a magnet, are oanstmcted in a 
great variety of fonn& In soom, permanent steel magnetsare 
used ; in othen^ temporary soft iron oneS) brongfat into ac- 
tivity by a galvanic carrent A oommon form of magneto- 
electric machine is represented in Fig. 372. 



Wbmt to tta 
general eon- 
•(meticMi of 
luasneto-elee- 
trlo 



FIQ. 312. 




It consists of a componnd horae- 
^hoe magnet, 8^ Hg. 372, bolted 
to a mahogany stand, arranged in 
such a manner that an electro- 
magnet^ or armature^ A B, mount- 
ed on an azis^ revolves in front of 
its poleS) by turning a multiplying 
wheel, W. This electro-magnet, 
or armature, consists of two cores 
of soft iron wound about with fine 
insulated copper wire. The ends 
of the wire in these coils are kept 
pressed, by means of sprii^a, 
against a good conducting metal plate, which in turn is connected by wires 
with the screw-caps at the end of the base board. When the iron cores, or 
axes of the coils are in front of the poles of the magnet, they become mag- 
netic by mduction. This sets in motion the natural electricity of the coil, or 
helices, which flows in a certain direction, and is conveyed through the 
springs and wires to the screw-caps. 

If the armature be turned half round, the magnetism of the iron is reversed, 
and a second current is excited in the opposite direction. 

By turning the armature very rapidly, a constant current 
passes tiirough the wires, and by connecting a small piece of 
platinum wire in the circuit, it is rapidly rendered red hot. 
By conveying connecting wires from the magneto-electric 
machine into acidulated water, its decomposition is effected; 
and many chemical compounds may in like manner be resolved into their 
ultimate constituents : madiinesalao of this character maybe used for electro- 
plating: 

The effects of electricity thus generated on the human system are peculiar. 
If the two handles connected with the screw-caps of the machine are grasped 
by the hands,^ slightly moistened^ and the armature is made to revolve rap- 
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idly, the muscles are closed so firmly, that the handles can not be dropped, 
and most powerful convulsive shocks are sent through the arms and body. 

What iflftdia. 819. It has been demonstrated by Professor 
magneticbody? FaradajT that bodies, not in themselves mag- 
netic, may, when placed under certain physical conditions, 
be repelled by sufficiently powerful electro-magnets. Such 
substances have been termed diamagnetic, and the phe- 
nomena developed have received the general name of dia- 
magnetism. 

Bodies that are magnetic are attracted by the poles of 
a magnet ; bodies that are diamagnetic are repelled by 
the poles of a magnet. Magnetism may be regarded as 
an attractive force, diamagnetism as a repelling one. 

Thus, if a bar of iron is suspended free to move in ^la, 3*73 

any direction, between the poles, N S, of a magnet, 
Fig. 373, the bar will arrange itself along a line 
which will unite the two poles ; it places itself in the < 
axial line, or along the line of force. Such is the con- 
dition of a magnetic body. If a substance of the diamagnetic class is placed 
-. g,_^ in the same situation— as, for example, a bar of bis- 

* muth— between the poles, N S, Fig. 374, it places it- 

'L I ^^ self across, or at right angles to the axial line, or the 
, ^^^ I ^^^ line of force. 
^^ I ^^^ Every substance in nature is m one or the other of 
■ these conditions. "It is a curious sight," says Dr. 

Faraday, " to see a piece of wood, or of beef, or an apple, or a bottle of water 
repelled by a magnet ; or taking the leaf of a tree, and hanging it up between 
the poles, to observe it taking an equatorial position." 
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▲bbsxatiow, spherical, what Is, 829 
Abutment, what is an, 120 
AcousticH, 188 

Acoustic figures, what are, 189 
Actinism, what is, 343, 344 
Action and Reaction, 66 

Ulustrattons of, 66 
laws of, 66 
Action, voltaic, how interrupted and re- 
newed, 409 
Adhesion defined, 29 
what is, 25 
Aeriform bodies, how ezertpresBore, 174 
Aerolites, constitution of, 28» 

what are, 288 
Affinit7 defined, 25 
Aim, philosophy of taking, 295 
Air, compress! biUty of, 164 

capacity of, for moisture, 263 

constituents of, 163 

density of, 165 

elasUcUy of, 165 

firesh, how much required for a healthy 

man, 261 
heated, why rises, 261 
how heated, 218 
in spring, why chilly, 248 
in water, 180 
inertia of, 164 
momentum of, 187 

illustrations of, 1S7 
not necessary for the production of 

sound, 191 
weight of, 163 
when rarefied, 166 
when said to be saturated, 263 ' 
why unwholesome after having lieen 

respired, 260 
pump, construction of, 176, 177 
Alphabet, telegraphic, 435 
Anemometer, 28-2 
Angle, defined, 71 

of incidence and reflection, 71 
Animals foretell changes in weather, 292 
Annealing described, 27 
Aqueducts, construction of, 134 
Arch, base of, 120 

springing of, 120 
strength of, 120 
what is an, 120 

why stronger than a horizontal struct- 
ure, 120 



Archimedes, experiment with the erovn, 44 

screw of, ISO 
Architrave, 121 
Architecture, 119 

orders in, 120 

origin of different styles 9t, 
119 
Armature of a magnet, 423 
Artillery, effective distance o^ 77 
Artesian wells, 135 
Astatic needle, what is an, 430 
Atmosphere, composition of, 163 

effect of, on diffusion of light, 

302 
how heated, 226 
pressure of, 168 
supposed height ot 173 
what is, 163 
Atmospheric dectricity, 891 

pressure, effects of, 174, 175 
how sustained, 179 
refraction, 314 
Atom, what is an, 13 

Attraction at insensible distances Qlnstrat- 
ed, 22 
cohesive, 25 

how varies, 25 
illustration of simple, 18 
molecular, four kinds of, 24 
mutual, illustrations of, 30 
what is, 17 
Aurora horealis, cause of, 396 

no influence on the weather, 291 
Auroras, not local, 397 

peculiarities nf, 397 
Avoirdapois weight, 34 
Axis of a body, what is an, 82 



B 

Balusters, 121 

Balance, ordinary, described, 97 

torsion, 882 

when indicates false weights, 98 
Ballast, use of, in vessels, 139 
Balls, cannon, velocity of, 76 
Balloons, varieties of, 186 

what are, 186 
Balloon, why arises, 43 
Barker* s mill, 157 
Barometer, how invented, 169-171 
how constructed, 171 
aneroid, 172 
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heishte, 



Hghtei 
how 



BitteilM, thermo^leetrlo, 417 
Umrj, DuiieUX 407 

Sm*t nlTsaiCi eonrtnieti0a cf, 
4M 
ImperfeetloiMof, 40T 
lomiiioiM eflecta of; 410 
8iiiM*t gftlTAuie, 406 
■nlphfttft of oc^per, 408 
troa^, dMcribed, 406 
u TCcteBgular, ttrengfch of, 116 
bentln the middle, why UaUe to 

break, 119 
or bar, vben fhe rtronfeat, 116 
Benowa, hjdroetafeie, 129 
BcUe, electrical, 885 
Bclta, motion commankated by, 101 
Billiards, prlncipleB of the pune of; TS 
Blanket, utSU^ of the nap of, 210 
Kower, use of, 269 

Boata, life, how prerented from tinking, 147 
Bodiea, form of; now dependent on heat, 2v:8 
form of, bow changed by centrifu- 
gal force, 83 
laUhig, laws of, 55 

force and Tekwity depend on 
what, 54 
iter than water, ivecifie graTity, 
ow determined, 80 
Bon-laminooB, when rendered Tid- 

ble,801 
when heayy and light, 83 
when transparent, 294 
when lamiuoua, 294 
when appear white, 801 
when soUd, liquid, or gaaeona, 24 
when float in air, 185 
Body, what is a, 11 

when called hot, 206 

size of, how aiEacta ita strength, 115 

when stands most firmly, SO 

wlien rolls, and when slides down a 

slope, 51 
where wiU haTe no weight, 83 
Boiling-point, depends on what, 241 

influence of atmoepherlc pi«s- 
Bure on, 242 
Boiler-flne, 268 

Boilers, steam, how oonstnxcted, 256 
essentialB of, 25T 
locomotiTe, how constructed, ?5S 
Bones of men and animals, why cylindri- 
cal, 113 
Boxes of a pump, 181 
Breath, why visible in winter, 274 
Breathing;, mechanical operation of, 181 
Brcezea, land and sea, 284 
Bridge, Britannia tubular, 118, 119 
Brittlcness, what is, 27 
Bubble, soap, why rises in the air, 43 
Buckets of wheels, 156 
Building, strength of a, on what depends, 119 
Buildings, how warmed and Tentilated, 260 
Buoyancy, what is, 138 
Buruiag-glasses, 200 



Calorie, wbat is, »6 
Camera obecnra, 347 

portable, 86(^ 
Canals, how constructed, 131 

locks in, 187 
Camion bursting by firing, 28 

farieties of, 77 
Capillary Attraction, 25, 148 

fllnsbrafced, 148 
Capstsn, oonstmcOon of, 100 
Car axles, why liable to break, 28 
Carriage, high, liable to be orertumed, 50 
Cask, tight, Uquids will not flow firom, 1T9 
Catoptrics, 312 
Cdburs, cool in sammer, warm in winter, 

why, 220 
Center of gravity in irregular bodies how 
found, 48 
when at rest, 46 
In what three ways sap- 
ported, 47 
Centripetal Force, 79 
Champagne, why sparkles, 181 
Charcoal marks, why stick to a wall, 26 

why black, 301 
Chemistry, definition of, 9 
ChUdren, why difficult to learn to walk, 62 
Chimney, draught of; 263 

how constructed, 862 
how quickens ascent of hot idr, 
262 
ChimnejTS, when smoke, 263 
Chord in music, 196 
Chain-pump, construction of, 160 
Climate, what is, 267 
Circuit, galvanic, 401 
Clock, common, described, 58 
water, principle of, 151 
Clocks, why go Cuter la winter than in sonu 

mer, 60 
Clothing, when warm and when cool, 820 
Clouds, average height o^ 274 
cirrus, 275 
cumulus, 275 
how differ from fog, 873 
how formed, 274 
nimbus, 277 
stratus, 27T 
variety of, 275 
what are, 873 

why appear red at sunset, 337 
why float in the atmosphere, 274 
Coals, mechanical force of, 251 
CoalTequivalent to active power of man, 851 
Cogs on wheels, 101 
Cohesion defined, 25 
Cold, greatest artificial, 211 
natural, 211 
what is, 206 
Color and music, analogy between, 838 
Color, no effect on radiation of heat, 223 

origin of, 326 
Colors, complementary, 331 

dark, absorb any heat, 225 

how affect their relative appearance, 

332 
of natural otgects on what depend, 

330 
simple, what are, 839 



INDSX. 



445 



Cotoinn, heii^t tA, "how meuvred, Itl 

what is a, 181 
Compass, mariner* s, 424 

ordinary, 424 

when disoovered, 426 
Compressibility, what is, 16 
Concord in miuiG, 196 
Condensation, what is, 238 
Conduction of heat, 216 
Coarection of heat, 216 
Cordage, strength of, on what depcodli 118 
Cork, why floats upon water, 43 
Cornea, what is the, 349 
Coulomb's torsion balance, 882 
Countries destitute of rain, 279 
Coughing, sound of, how produeed, 204 
Cranes, what are, 105 
Crank defined, 110 
Cream, why rises upon milk, 14T 
Crying, what is, 206 
Cuppi^K, operation and principle of, 175 
Currents, electric, how exert t£dr infloeQoe, 

429 
Cylinder^ strength of; 118 



Dagnerreotypes, how fonnad, 845 

Dead point explained, 112 

Declination of needle, 426 

Density, what is, 16 

Derrick, what is a, 105 

Dew, circumstances that Inflaenee <he pro- 
duction of, 271 
does not fall, 271 

phenomena and production of, 270 
when deposited most freely, 271 

Dew-drop, why globular, 80 

Dew-point, 270 

not constant, 270 

Diamagnetic phenomena, 441 

Diami^etism, 441 

Dioptics, 318 

Direction, line of, 49 

Discord in music, 196 

Distillation, 242 

DiTisibiUty, 13 

PoretaiUng, what is, 117, 118 

Drainage, principles of, 152 

Draught of chimner, 262 

Dresses, black, optical effect of, 888 

Drops, prescription of medicine by, unsafe, 
29 

DuctiUty, whatls,96 

Dust, how we free onr dothes of by agita- 
tion, 20 

^Dynamometer dcaerflMd, 80 



Ear, eonstruction of, 201, 202 
Earth, bodies upon, why not rush together, 
30 
cause of prewnt form of, 83 
centripetal force at eqnator of, 83 
how proved to be in motion, 84 
the pnysical features of^ how affect 

winds, 282 
the reseiToIr of ele«trieity, 876 



Earth, tdegraphle eommimleatlon through. 

Earth* s attraction, law of, 82 

Ebullition, what is, 241 

Echo, ccmditions for the production of, 198 

what is, 197 
Echoes, when niultlptted, 198 

where most frequent, 198 
Egg-shell, application of the principle of the 

arch in, 120 
Elastic bodies, results of collision of^ 68 
Elasticity defined, 22 ^ 

Eel, electrical, 891 
Eleetrie attraction, 870 

currents, how exert their influenee, 

429 
fluid non -luminous, 887 
light, 410 
repulsion, 870 
shock, 888 

spark, daration of, 888 
Electrical battery, 384 
induction, 877 
machines, 878 
Electricity a souroe of heat, 212 
atmospheric, 891 
conductors and non-condnetoiB 

of, 273 
Du Fay*s theory of, 871 
Franklin* s theory of, 271 
effect of on a conductor, 886 
exp^iments of Franklin with, 

frictional, distinctlTe character 

of, 407 
galyanie, how excited, 401 

how differs from ordi- 

narr, 300 
how discorered, 898 
quantity of, what is, 

408 
theory of, 402 
intensity of, what ia 

408 
what is, 898 
how erolTCs heat, 409 
how excited, 869 
how exerts a magnetic force, 481 
influence on the form of bodies 

376 
kinds of, 870 
magneto, 487, 488 
of vital action, 891 
positive and negative, 2TS 
quantity necessary fordeeompo* 

sidon, 412 
real character of unknown, 406 
secondary currents, 487 
thermo, what is, 416 
velocity of, how determined, 886 
what is, 869 

where resides in bodies, 875 
Electro-magnetism, 429 

magnets, how formed, 432 
what are, 482 
Electrometer, 381 
Electro-metallurgy, 418 
Electrophorus, 380 
Electroscope, ^1 
Electrotyping, 418 
Electrodes, what are, 418 
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bottom thmnat tfio top, IBS 
EndocmoM, wbsk li, IW 
Engine, fire, conitractkm of, 188 

■leuii,»l-«M 
E&grmTing, how aAcled bj eiec iti o m e tel - 

larg7r«lB 
EntebUlare, dlTMoni of. Ill 

what is, m 
EquiUbrlom Indifferent, 48 
Uwof,lnaU 



unataMe, 48 
what U, 48 
EqvfaioeHal etorm, »1 
Eraporatlon, 288 

drcitiiMtaBeee InflaoBeliig, 289 
influenee of temperatare on, 
840 
Bzoemooe, what it, 148 
ExpanalbiUtj, what la, 18 

illttstratlona of, 18 
Bxpaulon bj heat, 8^ 

how measimd, 888 
E7e,847 

how Jadgea of liBe and dlikaaee, 854 
bow moved, 848 
optic axis of, 863 
structure of in man, 848 



Facade of a building, 121 

Far-aigfatednees, cause of, 858 

Feather attracts the earth, 88 

Fibrous substances non-oondaeton of heat, 

218 
Filtration defined, 18 
Fire, what is, 200 

Fishes, structure of the body of, IM 
Fiiune, what is, 800 
Flezibmty, what is, 88 
Files, how walk npon cdUngs, 176 
Floating bodies, laws of, 188 
Fluid, electric, 403 
Fluids, what are, 24 
Flj-wheel, use of, IT 
Focus, what is a, 828 
Form of bodies dependent on heat, 898 
Forcing-pump, construction of, 183 
Force defined, 81 

accumulation of, 8T 
Internal, 22 
magnette, 418 
molecular, 22 
real nature of, 21 
Foroes, great, of nature, 81 
electro-motive, 401 
Fountains, ornamental, prindpla of con- 
struction ef, 186 
Friction, 112 

advantages of, 118 
how diminished, 118 
kinds of, 112 
rolling, 112 
sliding, lis 



Friction, Iwat prodveed by, S14 

Freezing mixtures, oompodtion of; 846 

Friese in architectaxe, 121 

Frost, origin of, 272 

Fuel, what la, 266 

Fulcrum defined, 08 

Furs, why used for clothing, 219 

Fomaoaa, hot-air, 864 

how oooatmoted, 866 



Galvwdsm, 898 

Galvanic action, how inereaaed, 403 
battery, 401 

heating effiecta of, 408 
phvsiologiosl eSecta o^ 

Galvanometer, 430 

Gamut, the, 196 

Ctea, how difiers fh>m a liquid, 89 

what is, 23 
GhMes, how expand by heat, 232 

specific gravity, how detenoiaed, 41 
Gaseous bodies, properties of; 23 
Gasometers, construction «^ 179 
Gears, in wheel work, 101 
Glass, opera, 865 
<>lasses, sun, 209 
Glottis, what is the, 203 
Glue, whv adhesive, 26 
Grain wagfat, origin of; 34 

bearing plants, oonatmetloB of the 
stems of, 118 
Gravitation, attraction of; how variea, 30 
defined, 30 
terrestrial, 3} 
Gravity, action of, on a fiuling body, iS5 
center of, 45 
specific, 37 
Green wood, unprofitable to bom, 266 
Grindstones, how broken by centrifugal 

force, 80 
Guage, barometer, 260 
steam, 269 
rain, 277 
Gun, essential properties of, 76 
Gunpowder, eiteetive limit of the force ot, 
77 
force of 76 
Gurgle of a bottle explained, 180 



Han, what is, 280 

storms, where most fkwnent, 881 

stones, formation of, 281 
Halos, what are, 336 
Hardness, what is, 26 
Hearing, conditions for distinetneaa in, 800 

range of human, 208 
Heat, 205 

how dUEuaes itself, 206 

hpw measured, 206 

dininguishing charaetwiatio of; 206 

nature of, 207 

theory of, 207, 208 

and l%ht, relations between, 906 

devoid of weighty 809 
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Heat, eoiircei of, S09 

' influence extends how &r into fha 

earth, 211 

of chemical action, 212 

greatest artilicial, 212 

derired from mechanical action, 218 

Utent, 213 

■ensible, 213 

of Tital action, 214 

of friction, 214 

condoetors and nott-eondactora of, 216 

radiation of, 216 

oommanication of, 216 

conducting power of bodies, how di- 
mfaiiBhed, 218 

good radiators of, 222 

now propagated, 228 

Telocity of, 223 

how reflected, 224 

rays of, what is meant hj, 224 

absorption of, 226 

expansion by, 228 

how transmitted through different 
substances, 226 

effects of, 22T 

solar, compound nature of, 227 

force of expanidon of, 229 

expansion e^ practical illusirations 
of, 229 

latent, when rendered sensible, 246 

capacity for, 247 

quantity of, different in aU bodies, 247 

specific, 247 
Helix, construction of, 432 
Horse power defined, 88 
Houses, haunted, explanation of, 200 
Humidity, absolute and relatire, 268 
Hurricane, what is a, 285 
Hurricanes, where most frequent, 286 
space traversed by, 2iB6 
Telocity ot, 286 
Hydraulics, 148 

Hydraulic engines, cause of theloss of power 
in, 158, 159 
ram, construction of; 161, 162 
Hydrometer, what is a, 141 

uses of, 141 
Hydrostatics, 123 

Hydrostatic press, construction of, 126, 127 
Hydro^xtractor, 80 
Hygrometer, how constmeted, 869 



Ice, origin of babbles in, 232 

heat in, 206 
Images, when distorted in mirrors, 808 
ImpenetrablUty, 12 

illustrations of, 18 
Inddence, angle of, 71 
Inclined plane described, 106 

advantage gained by, 106 
Induction, magnetie, 421 
Inelastic bodies, results of ooIUsloa of^ 69 
Inertia, what is, 16 

examples of^ 17 
Inkstand, pneumatic, 179 
Insects, howproduoe soand,2(l6 
Insulation, 8f4 
Intensity in electrkltj, what Is, 406 



Iron, galvanised, %hat Is, 416 
how made hot, 206 
how rendered magnetic by induetfon, 

421 
ships, principle of flotation o^ 140 
soft, how magnetised, 421 
why stronger tiian wood, 20 



Kaleidoscope, construction of, 807 
Key-note, what is, 201 



Lakes, salt, origin of, 124 
Lamp-wick, how raises oil, 146 
Lantern, magic, what is, 367 
Larynx, description of, 203 
Laughing, what is, 205 
Law, phvsical, definition of a, 10 
Lens, achromatic, 3*28 
axis of, 321 
defined, 819 
focal distance of, 821 
Lenses, varieties of, 319 
Level, spirit, construction o^ 187 

what is a, 53 
Lever, law of equilibrium of the, 94 
Levers, arms of, 93 

compound, 96 

disadvantages of, 97 
kinds of, 93 
what are, 93 
Leydenjar, 382 
Light, absorption of, 300 
analysis of, 325 
chief sources of, 294 
corpuscular theory of, 298 
divergence of rays of, 296 
electric, 410 
good reflectors of, 801 
how analysed, 826 
how propagated, 295 
how refracted by the atmosphere, 

314 
intensity of, how varies, 297 
Interference of, 339 
moves in straight Unes, 895 
polarised, 341 
polarisation of, 842 
ray of, what is, 296 
refraction of, 812 
same quantity not refleeted at aU 

angles, 305 
three principles contained in, 844 
nndulatory theory of; 298 
Telocity of, 298 

how calculated, 200 
vibrations of, 889 
waves of, 339 
what is, 292 

when totally reflected, 816 
white, composition of, 326 
lightning, identity of with electricity, 899 
mechanical effects of, 896 
rods, how constmeted, 894 
space protected hy, 886 
whim dangerous, 896 
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LiiMb ^rartlaaL 08 

Liqoftd at rest, eooditton of llM Mrfiwi or a, 
1S3 
Brtiwiiri of ft ediunB oC 1S8 



point bow diangod, fill 
flowtng from a reoerroir, 149 
baro no partiealar form, S8 
beatooDduetlng powor oi; SIT 
bov oooled, S2)( 

B opon eadi otbor wttbootfrl^ 

maitimted, 1S6 
whf aomo frotb. 180 
■peeUkgraTlfey npw ftmnd, 89 
■pb6roldalitot6of,M0 
to vbat extent expanded bj beat, 

^^..^ 

wben do tber wet a enrftee, 80 

ine, what it a, 416, 4tT 

Loeka, eanal, bow operated, 187 
Loeomottre, eflkeacj depends on wbat, SO 
Looktog-glewM, bow formed, 808 



ifaj^vtuff^ irhat la a, 90 

MaeUnea dlmlniah force, 90 

do not prodnee power, 90 
bow make addltl<Mi8 to 

power, 91 
bow produce eeonomj of time, 94 
motion in, takea plaoe when, 99 
almple,98 

Xaddnenr, elementa of; 98 

general adirantage o^ 9fi 



when cangfat on a center, US 
Magdeburg hemispheres, 177 
Magnet, rototion of a, 431 

when trarenes, 419 
Magnets, artificial, 418 
horse-shoe, 4M 
natlye, 417 

power of artificial, 428 
what are poles of, 418 
Magnotle induction, 421 
meridian, 425 
phenomena, how accounted for, 

423 
polaritj, 419 

power of a body, where resides, 
421 
,41T 
animal, what Is, 418 
electro, 429 
how excited by elecMcIfy, 433 
bow induced by the earth, 4Sli 
why not available for propel- 
ling force, 433 
Magneto-electric machines, 438 
Magnifying gisses. 324 



Magnitude, 1 



center of; 46 



Malleability, wbai is, 98 

examples of, 2fi 

Man, bow exerto his greatest streogtb, 88 
estimated strength of, 88 

Mariotte's laws, what are, 168, 1«7 

Matter, cause of changea in, 21 
definition of, 11 
essential properties of, IS 
indestructible, 18 
not infinitely divisible, 13 
imaaest quantity visible to tbe eye. 

Materials, atraogOi oi; 116 

npon wbai depend, 
Tl6 
Matting, bow protects ol|)eetB from fhwt, 

Meehanieol powers, 93 
Meniscus, 820 
Meridian, magnetic, 425 

of the earth defined, 88 
Metala, union of; how afiieeta darabOity, 415 
Meteors, how differ from shooting stars, 289 
Meteoritea, what are, 288 
Meteoric bodies, supposed origin <rf; 289 

phenomena, 288 
Meteorology, 286 
Microscope, compound, 861 
solar, 868 
what is a, 860 
Microscopes, Tarieties o^ 361 
Milk, why cream rises upon, 141 
Mirage, 816 
Mirror, plane, bow reflects light, 808 

what is a, 302 
Mirrora, burning, 808 
concare, 306 
oonrex, 311 
parallel, effect of, 308 
Tarieties of, 302 
Mississippi, does it flow up bill, 169 

quantity of water in, 15S 
Mists and fogs, how occasioned, 273 
Moisture in air, how determined, 209 
Molecule defined, 14 
Momentum, how calculated, 66 
what is, 64 
illustrations of; 64 
Monsoons, theory of; 283 
what are, 283 
Moon, influence of on weather, 291 
Motion, absolute and relatitre, OS 

accelerated and retarded, 68 
apparent, afEBCted by distance, 869 
insular, illustrations oi^ 78 
compound, 72 

illnstrations, 7S 
imparted to a body not instantana* 

ousiy, 66 
perpetual, in machinery, not possk 

perpetual, in nature, 91 

example 0^91 
reflected, what is, 71 
reversion of by belting, 101 
rotary, HI 
rectiUnear, HI 
simple, lUustrationB of, 73 
uniform and variable, 63 
what IS, 62 
when imperceptible to the eye, 809 
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lIortlM, what is a, 118 

Mounteins, height of, how detennliMd hj 

the barometer, 173 
Movements, Tibratory, nature of, t88 
Mud, why flies from wheel of carriage, 79 
Muscular energy, how excited, 87 
Music, scale in, 196 

notes in, how indicated, 190 
Maslcal WMukU, 194 

N 

Natoial Fhflosophy, definftloD of; 9 
Near-sigfaftedneaB, cause oi; 863 
Needle, magnetic 428 

dipping, 425 

diurnal irariation of, 4S8 

magnetic, directive power of, liow 
explained, 426 

Tariations, cause of, 428 
Notea, musical, when in unison, 196 
In mmdo, how indicated, 196 



, depth of, 128 
extent of, 128 
Octave in music, 195 
Oersted's discovery, 429 
Oils, how diminish frictloo, 118 
Opaque bodies, 894 
Optical instruments, 360 
Optics, medium in, 318 
■denoeof, 298 



Fiaddles of a steamboat, when most efEset- 

ive, 154 
Paper, blotting, why absorbs ink, 147 
Parabola defined, 74 
Paradox, hjrdrostatie, 186 
Pendulum, center of osdllatioo of a, 09 

compensating, 60 

described,85^ 

Influence of length oo vibratioo 
of, 59 

length of a, seoonds, 61 

times of vibration of, 68 

compared, 58 

used as a standard for measure, 
61 
Fierqieetive, what is, 866 
Photometers, construction cL 898 
Physics, definition of, 10 
Pilaster, what is a, 121 
Pile, in architecture, 120 

Zamboni's, explained, 404 
Pfles, voltaic, 404 
Pipes, rapidity of water disehaiged ftwD, 160 

water, requisite strength oL 134 
Pisa, leaning tower of, 40 
Pitch, or toue, 195 
Plants, vital action of, 816 
Platform scales, 98 
PUabUIty, whatis,86 
Plumb-line, 53 
PneumatbM, 168 
Pcdaiity, mapietiB, 410 



Poles, magoetle, where sitaated, 486 

of galvanic batterv, wlutt are, 408 

Pop-gun, operation oi^ 167 

POTea, defined, 14 

evidence of the eTistenre of, 16 

Porosity defined, 14 

Porter, why froths, 180 

Portico, what is a, 121 

Power, agents of In nature, 87 

and resistance defined, 63 
and weight in machinery defined, 98 
' in work, how aseertidned. 



expended i 



mechanical efEset of; how estimated, 

98 

moving, effect ci, how expressed, 89 
qpace and time, bow exchanged for, 
98 
Press, bydiMtatio, 127 
Prism defined, 318 
Projectile, what is, 74 
Projectiles, laws of, 74 

range o^ 76 
Propellers, advantage over paddl»>wlieeli, 
155 
construction of, 166 
Pugilists, blows of; when most severs, 60 
PnUey defined, 102 
kinds of, 102 
fixed, described, 108 
movable, 103 
Pulleys, advantage of; 104 
Pump, air, 177 

chain, 160 
oommon snctSon,181 

when invented, 160 
forcing, construction of, 188 
Tera*s, 145 
Pyrometers, 233 



(Quantity In eleetridty, what b, 408 



Sadiation of beat proceeds firam all bodies, 

223 
Bain, what Is, 277 

why faUs in drops, 87T 
formation of; on what dqpends, 877 
gnage, 277 

yearly estimated quanti^ of; 2T9 
where most abundant, 278 
Bain-bow, what is a, 833 
when seen, 835 
why semicircular, 885 
Bam, hydraulic, construetloa and opentlim 

of, 161, 162 
Bange In gunnery, 75 

greatest, when attained, 75 
Bays of heat, what meant by, 224 
Befleetion, angle of, 71 
Beflectors of heat, best, 226 
Befraction, Index of, 316 
double, 340 

how accounted Ibr, 81T 
BefHgerators, construction of; 221 
Begnlators of steam-engines, 266 
Bepolslon, what is, 82 
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Retina of the eye, 848 
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Ittooebet firing, I 

BiflA, Millie, oonstraeUon of, 17 

how iiglitad, 78 
Btrwa, why ntrelj ■trmight, 88 
TiOodty oC, 159 
wmter dlMhane o^ 168 
Roada, InelinatioD of, how naHiM, 
how ahoold be mede, 188 
Bode, 4iaehafiing, 880 
Boom, how beet ▼eotileled, 884 
Roome for qieeUng, how nonitnintrtl, 801 
ertoffOS 



188 



Sefea, flre-proof, how eoiwtnieled,tn 
Beadetonee, wbj ill adapted for arcfaitcetnral 

hiirniwBi. 188 
Baw-dust, utUity of in preMrrlng lee, 880 
Bealea, haj and platform deeertbed, 08 
Searftng and Interloeklng IIT 
Sdaaora, a Tarletj of lerer, 84 
Berew, adrantage gained bj, 108 

applleaiM»of;iQ8 

defined, 108 

endlwB, 110 

Hantei'a, 110 

nut of, 108 

ofArchlmed«a,108 

thread ot, 100 
8erew-Propelier, wliat la a, 165 
Sea, proximity to, mitigatea eold, 888 
Shadow, wliat ia a, 806 
Shadowa, how inereaoe and diminiah, SOT 
Shell, Ma, eause of the soand heard in, 100 
Bhipa, eopper eheathiog of, how pcoteeled, 

iron, why float, 140 
Shootlng-stara, how aeooantedfor, 800 
Short-eightedneei, eanae of, 868 
Shot, how manulaetared, 80 
surer, adnlteratlon of, how detected, 48 
Simmering, what ia, 241 
Sknll, haman, oomblnee the principle of the 

areh,180 
Smoke, why rieea in the air, 48 

why ascends in chimney, 861 
rings, origin of, 187 
Bneesing^ whatia, 806 
Snow crystals, 280 

Sake, eompoeltfoD of, 880 
how formed, 880 
line of perpetual, 848 
proteeUTe influence of againft eold,880 
what is, 880 
8oA» when ia a body, 86 
Solar microscope, 868 
Solid, what is a, 23 
Solids, why easUy lifted In water, 189 

specific gniTity, how determined, 89 
Solution, what is a, 237 

how differs from a mixture, 887 
when saturated, 237 
Bound, conductors of, 192 

how decreases in intensity, 102 
' bow propagated, 100 
Interference of warea of, 194 
loudness of; on what depends, 104 



Bound, reflection ot 19T 
Telocity of; 198 
what is, 188 
when commnnleatod moat readily, 

191 
when inaudible, 190 
Bounda, musical, 194 

not heard alike br all, 808 
■eem louder by mgfat than by day, 
191 
Spark, dectric, 888 
Speaking, rooms suitable for, 801 
Bpedfle gmTtty, 87 

how dboorered, 44 
how found, 88 
stendard for estimating, 88 
practical appikattona of, 44 
Spectacles, what are, 860 
Spectrum, solar, 326 
Springs, intermitting, tB& 
origin of, 186 



Spy-glaas, what is, 864 
StebUityoft " ' 



bodies, depends on what, 48 
Stairs are indioed pluiea, 107 
Stars, shooting, 289 

height of; 888 
Steel, how tempered, 27 

how magnetised, 481 
Steel-yard described, 97 
Steam, adrantages of heating by, 866 
elaatic force of, 248 
superheated, 250 
high pressure, 260 
formed at all temperaturea, 888 
guage, 280 

how rendered useAil, 252 
pressure of, how indicated, 860 
true, invisible, 838 
when used ezpanslTely, 255 
Steam-boilers, cause of explosion of, 268 
whisUe, 260 
engine, what ia, 251 

condensing, 253 
construction of, 258. 
high presenre, 1SS4 
regulators of, 266 
greatest amount of woric per- 
formed by, 251 
Stethoscope, construction of, 192 
8UU, constrncUon of, 243 
Structure, influence of the parte on the 

strei^^ of a, 117 
Stone for architectural purposes, how se- 
lected, 122 
Stool, insulating, 380 



Store, why snsps when heated, 880 
how differ from open f 
disadrantages o^ 264 



Stores, how differ from open fire-plaee, 868 



why placed near the floor, 861 
Sublimation, what is, 243 
Sucker, the common, 175 
Suction, what is, 169 
Sugar, how refined, 242 

how absorbs water. 145 
Sun does not really rise and set, 84 
heat of, why greatest at noon, 810 
the greatest natural source of heat, 809 
nature of the surface of; 210 
Surface defined, 12 

spherical, definiUon of a, Itt 
Syphon, what is a, 184 
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8yph9ii, aeUon of, 184 
STrioge, principle of, 176 



TacUe and fall, what la a, 106 
Telegraph, atmospheric, 181 
Baln*a, 436 
chemical, 436 
Hoase**, 436 
Morsels magnetie, 434 
printing, 436 
Telegraphic metiiod, the first proposed, 486 

wires, insulation of, 436 

Telescope, equatorial, 863 

reflecUng, 366 

refracting, 363 

what is a, 363 

Temperature, average, how found, 26T 

greatest natural erer obserr^ 

ed, 210 
in winter and summer, diilier- 

ence between, 210 
meaning of, 806 
▼aries with Utitude, 967 
Tenacity, what is, 26 
Theory, physical, definition of a, 10 
Thermometer, 233 

bow graduated, 234 
centigrade, 236 
mercurial, described, 284 
Reaumur, deserib<>d, 286 
Thermometer-air, described, 286 
Thermo-electricity, what is, 416 
Thunder, cause of, SOB 

storms, where most prevail, 894 
Tides, origin o^ 32 

Toes, advantage of turning out in walk- 
ing, 80 
Tone in sound, 196 
Tongueing, what is, 117 
Tornadoes, how produced, 287 

what are, 287 
Torpedo, electrical effects of, 891 
TorriceUi*s invention, 160, 170 
Trade winds, cause of, 288 

direction of, 283 
Transparent bodies, 294 
Troy weight, 84 
Trumpet^ ear, what is an, 200 

speaking, construction of, 199 
Tubes, capillary, height to which water 

rises in, 143 
Twilight, 814 
Twinkling, what is, 888 
Tympanum of the ear, 202 



Vacuum, what is a, 168 
Valve, definition of, 182 

safety, 268 
Variation, lines of, 426 
Vapor, always present in air, 289 

appearance of, 288 
Vapors, elasticity of, 248 

formed at all temperatures, 288 
Vault, what is a, 120 
Velocity defined, 63 



Velocity of moving body, how d*t«niiiiied. 

68 
Vena oontracta, what is the, 160 
Ventilation, what is, 260 

when perfect, 260 
Vessels of liquid, pressure upon the bot- 
tom of, 131 
Vibrations of sound, nature of, 188, 189 
Views, dissolving, 368 
Vision, angle of, 864 

deceptions of, 867 
double, how produced, 96i 
phenomena of, 847 
Vital action, 214 
Voice, compass of, 200 

how produced, 208 
organs of, 201 
Voltoic piles, 404 
Volume defined, 12 



Walls, how deafened, 192 
Warming and ventilation, 260 
Warp and woof, 117 
Watch, how differs from a dodc, 09 
Water as a motive power, 166 
boiled, why flat, 180 
boiling, temperature o^ 241 
composition of, 123 
compressibility of, 124 
decomposition of, 412 
elasticity of, 124 
expands in freeaing, 231 
' force of expansion of in freezing, 282 
fireesing temperature of, 232 
greatest capacity of all bodies for 

heat, 248 
bow high rises in a pump, 182 
how made hot. 221 
illustraiions of the pressure of, 130 
Imparts no additional heat after boil- 
ing, 244 
inclination sufllcient to give motion 

to, 152 
level, 136 
power defined, 88 
pressure at different depths, 181 

how calculated, 132 
sound of falling, how produced, 2M 
spouts, what are, 287 
supply of towns, 134 
to what degree can be heated, 240 
velocity of in pipes, how retarded, 161 
when has its greatest density, 231 
why rises by suction, 169 
why rises in a pump, 182 
Waters, comparative purity of, 128 
Wave, a form, not a tiling, 163 
Waves, height of, 163 

optieal delusions of, 168 
origin of, 163 
of sound, 190 
Weather, popular opinions concerning, 291 
Wedge, what is a, 106 

when used in the arts, 107 
how the power of increases, 107 
Weight, absolute, what is, 38 

how determined by spe- 
dfio ffravitr. 42 
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of a bodj, vbrn gntttil, 8t 
WdigMs and maaMina, iteiidwds oi; 84 

Fren^^h twtttn of; doaeribed, 38 

Uiritod Stotot ifeuidard of, 88 
WeUlas doMribed, i» 
WeU-oveop, old fiMhloMd. 108 
WoOa, Arteriom-eoiMtnietkNi oi; 180 

origin of water in, 188 
Wal dolhea, whj iiOariooa, 848 
Wbaalaadaxle, aelloD,of88 
ipinniiif, 101 

toorMne, advaDtaftt of, 168 
▼ork, eompound, fiuttUlar 

tiona of, 101 
Ifhooli, br aai t , oonatraetton of, 107 

eog,101 

OTershot, isr 

toarblne, 168 

vndenbot, IM 

paddle, powor loal 1^, 164 
WMilwInda, hov prodooed, 917 
Wbkrtla,atoaa,8d8 



WlndifWliaftlia, 88 
Wind, prindpal eanae of, 881 

what is, 281 
Wind-pipe, what is the, 908 
Windlass described, 100 
Winds, foree of, how calcolated, 888 
of United Stotes, 885 
trade, 883 

rariable, where preraQ, 884 
Telocity o^ 881 
Wood, a bad oondnetor of heat, 818 

oomparatiTe ralue of for fuel, 90 

bard, why difficult to ignite, 968 

made wet, why swells, 148 

nappiDg of, 19 

water in, 865 

weight of, 968 
Woods, wlken hard and when sirft, 965 
Woolens, why used for clothing, 918 
Woof^f doth, 117 
Work of difllarent forces, standard of m 
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KEBL'S 8ESIE8 OF EHGLISE ORAMMABS. 

For fivflhncra, analysis, seientifie method, and practical ntilUy. this series 
vt Kajrliah Cfrain roars is Qnrtvaled by any utlior yet published. 

mST LB830H3 ^^tt^MA^^WCJgJOTOOL OEAIMAII. 



HITOnrOCK''? ANATOMY. 
HITCHCOCK'S GKOLOGY. 
KIDDLES NEW ASTRONOMY, 
BILL'S NKW SYNTHESIS. 
THE AMEKICAN DEBATER. 
THE HUMOROUS Sl»EAKKU. 
OUTLINES OF OBJECT TEACHINe. 
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ALDEN'S CHBISTIAN ETHICS ; OR, 

SCIENCE OF DUTY. 
OOODISON'S DRAWING-BOOK. 
FROBISHER^S VOICE AND ACTION. 
ELIOT & SI'OBEB'S INOBGANIC 

CHEMISTBY. 



FASQtJELLE'S FRENCH SERIES. 



Fatquelle*! Introductory French Course. 
FasqacUe^t Larger French Coune. Re- 
vised. 
Fasquellc's Key to the above. 
Fasquelle*! Colloquial French Reader. 
FasqucUe** Tdemaqiie, 



Fasquene*t Dumas* Napoleon. 
F3squeUe*s Racine. 

FasqusIIe*s Manual of French Conversa- 
tion. 
Howard*3 Aid to French Composition. 

Talbot*t French Pronunciation. 
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WOOBBFRrS GERMAK SERIES. 



Woodbury *s New Method with the Ger- 
man. 

Woodbury^s Key to above. 

Woodbury's Shorter Course with the 
German. 

Woodbury's Key to the Shorter Course. 

Woodbury's Method for Germans to 
learn English. 



Woodbury's Elementary German 

Reader. 
Woodbury's Eclectic German -Reader. 
Glaubensklee's German Reader. 
Glaubensklee's Synthetic German 

Grammar. 
Woodbury*s German English Reader. 



Kuhner's Elementary Greek Grammar, 

Questions on Kuhner's Elementary Greek Grammar. 

Kendrick's Greek Introduction. 



BUSH'S NOTES OK GENESIS. 2 

Tolmnes. 
BUSH'S NOTES ON EXODUS. 2 

Tolumes. 
BUSH'S NOTES ON LEVITICUS. 

1 volume. 



BUSH'S NOTES ON NUMBERa 

1 Yolume. 
BUSH'S NOTES ON JOSHUA, 

1 Toliune. 
BUSH'S NOTES ON JUDGEa 

1 volume. 



KnTaS CTCLOPuEDIA OF BIBLICAL LITERATURE. 
2 vols., half calf, only complete edition, fully illustrated. 



PROGRESSIVE 8PAOTSH READERa 



BCHOOL RECORDS. 



BRADBURTS SCHOOL MUSIC BOOKS, Ac. 
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SPENCEEIAN SYSTEM OE BUSDTESS WB 



THE NEW STANDARD EDITION OF THE 






SPENOERIAN COPY-BOOKS 

.REVISED, IMPROVED, AND NEWLY ENLARGED. 

IN FOUR DISTINCT SERIES. 

COMMON SCHOOL SERIES, Nos. 1, 2, 8, 4, and 5. 
BUSINESS SERIES. Ms. ^ and 1. 

LADIES' SERIES. Nos. 8 and 9. 

EXERCISE SERIES. Nos, 10, 11, and 12. 

The particular points of excellence claimed are 
1. SIMPLICITY. 3. PRACTICABILITY. 8. BEAUTY. 



SFMCEBIAN lET TO PRACTICAL FEMAMIF. 



SPENCERIAN CHARTS OF WRITING AND DRAWING 

Sim in Kumber, In Size, 24k by 90 inches. 

THET ARE SO PBINTED AS TO PRESENT THE APPEARANCE OF 

SUPERIOR BLACKBOARD WRITING. 

OOMPEKDIUM OF THE SPENOEEIAN SYSTEM 

60 ixigcs. Illustrating Gbirography in its Analytical, Practical, 
and Ornamental Forms. 



SPEIfCERIAN DOUBLE ELASTIC STEEL PENS. 

These Pens combine elasticity of action with smoothness of point not found in 

other pens, and arc a nearer approximation to the real SWAN 

QUILL, than anything liitherto invented. 

THEY ARE THE BEST PENS MANUFACTURED. 



CAUTION. — ^Wc Caution Booksellers and Stationers against purchasing any 

" Spencerian " Tens which have not our initials, *' I., P., B. & Co.," 

or "Ivison, Phinney & Co.," on each Pen. 

These PENS will be sent by Mail to any address in the United States, poeiage 
paidy on receipt of price annexed. 
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1 50 


No. 7 
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No. 
No. 
No. 10 
No. 11 
No. 13 
No. 18 
No. 14, 



.per gross $1 50 
'^ 1 50 

200 
2 00 
2 75 
4 50 
, 2 00 



Sample gross, 4 kinds assorted, excepting No. 12, $2 00.- 

Samplb Casos containing all the Fourteen Numbers, PKICE TWENTY-FIVE CENTS. 
A Liberal Disoountf to thb Trade. 

N. B.—One of the 
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led to he made, Pene siTmX ** /-v «ti/?«, under different names, 
qualities and fayor as the ^^^*'^apP«««*^<^ SPENCERIAN. 
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1^ Teachers and Superintendents are i^^ ^ 
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IVISON, PHIimE^^ ^^ 

p. 0., Box 14T8, New York. > 
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